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OccURRENCE 


HE fossil rodent remains here described and referred to the 

Castoridz or beaver family, were found by the writer, about 

two years ago, near Bald Peak, two miles east of Berkeley. 
The fresh-water beds in which they were found form part of a very 
thick series of gravels, clays, limestones, and eruptives belonging, 
according to Prof. A. C. Lawson, to the lower division of the 
Pliocene.} 

At the point where the rodent bones were found, the clays con- 
tain abundant but fragmentary organic remains, including shells of 
Limnea contracosta, Cooper; Planorbis pabloanus, Cooper; Ano- 
donta Nuttaliana, Lea var. lignitica, Cooper; Cypris, nov. sp.; Ancy- 
lus sp.; and Helix sp. Teeth of Lepus (?) and the dentary bone and 
teeth of a lizard closely related to Lacerta, were also found in this 
stratum. In a semi-lignitic layer a short distance above that con- 
taining Limnea, etc., numerous but imperfect plant remains? were 
found. 

University of California, Bulletin of the Department of Geology, vol. 1, no. 13, pp. 363-370, 
February 1896. 


1The geology of the region in which these beds occur has been subjected to detailed 
study by Prof. A. C. Lawson, with the collaboration in part of Dr. Chas. Palache, and a 
monograph on the Pliocene rocks by these geologists is shortly to appear. 

2 These plant remains, though imperfect, could, in part, be determined by an expert in 
the paleobotany of the Coast Range Tertiaries. They may at some future time be of value 
in correlating the Pliocene of Berkeley with the more fossiliferous and better known Pliocene 
around Mt. Diablo. The latter contains, aside from a rich marine fauna, abundant plant 
material, which has been partially worked up. | 


669 


670 PUBLISHED PAPERS AND ADDRESSES 


The rodent remains, consisting of the greater portion of a skull 
with the upper molars and incisors, were imbedded in a stratum of 
hardened clay immediately below the lignite. 

Dr. Charles Palache was directly instrumental in the discovery 
of the skull, as the writer’s first visit to the fresh-water beds was 
made under his guidance. 


History OF THE CASTORIDZE 


The beaver family reached its maximum development, in point 
of number of genera and species, in the middle Tertiary, and is rep- 
resented at the present time by a single genus and species, Castor 
fiber, the beaver. The oldest representatives of the family known 
are found in the Lower Miocene, three species of the genus Steneo- 
fiver occurring at that horizon in America and one in Europe. This 
genus became extinct in the Middle Miocene of North America, but 
continues into the Upper Miocene and possibly Pliocene, Steneo- 
fiber (Chalicomys) sigmodus of Europe. 

In the uppermost Miocene or lowest Pliocene (Loup Fork Beds) 
of North America two new genera, Eucastor and Mylagaulus, ap- 
pear, representing new types of beaver, in which reduction in the 
number of molars has taken place. These types seem to have at 
least a distant relative in Steneofiber (Chalicomys) sigmodus of the 
European Pliocene. 

The modern beaver, Castor, appears in the upper Pliocene of 
Europe and America, being accompanied in Europe by the genus 
Trogontherium, the largest representative of the family. Castor 
continues through the post-Pliocene up to the recent period, but its 
relative Trogontherium became extinct in the Quaternary. Castor 
jiber was formerly abundant in Europe and North America; it has, 
however, within comparatively recent times, suffered destruction 
through human agency to such an extent that its extinction is prob- 
ably not far distant. In North America it was at one time found 
over the greater portion of the continent from northern Mexico as 
far north as the forest limit. It is now confined to the sparsely 
inhabited and less frequented districts. In Europe the present 
geographical distribution of the beaver is limited to a single locality 
on the river Elbe. 

Most of the ancient Castoridze were much smaller than the living 
form, averaging about half its size. The single exception is found 
in Lrogontherium, which was somewhat larger than Castor. 
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In the following description, and in the discussion of affinities, it 
will be seen that the Californian Pliocene form bears an interesting 
relation to those from the Upper Miocene and the Pliocene of other 
portions of North America and Europe. 


DESCRIPTION 


Sigmogomphius Le Contei.*—Gen. et sp. nov. The posterior por- 
tion of the skull was unfortunately so decomposed and undistin- 
guishable from the black, clayey matrix that in preparation only 
about one-half of the upper and two-thirds of the lower side could 
be made out. Evidently the greater portion of the skull was there 
originally, since the tympanic bullee and other parts of the posterior 
end were present. The lower jaw could not be found. 


Fic. 1. Sigmogomphius Le Contei. a, Skull, seen from above (natural size). F, frontal; 
N, nasal; Pm, premaxillary; M, maxillary; I, incisor. 4, right and left superior molar series 
(twice natural size). Right premolar shown in section (heavy line) a short distance above 
the triturating surface. 


The anterior half of the cranium, of which the superior aspect 
is Shown in Fig. 1, a, resembles very much that of Castor, or perhaps 
still more the proportions of the bones in Steneofiber. The nasal 
region resembles that of the other Castoroid forms. The incisors 
are rather close to the upper molars. On the lower side the an- 
terior palatine foramina appear to be largely, perhaps entirely, in 
the premaxillaries, but run back to the suture between maxillary 
and premaxillary. 

The superior molar series Fig. 1, 4, consisting of three semipris- 
matic teeth on each side, converge anteriorly as in most Castoride. 
As the number of molars is one of the important characters of the 
genus, it should perhaps be stated that, although the head bones 


3 Named for Prof. Joseph Le Conte. 
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extend backward beyond the molars, no sign of a fourth tooth could 
be found on either side. The striking resemblance of the molars to 
those of Eucastor, Leidy, Fig. 2, 2, which possibly possessed only 
three superior molar teeth, makes it appear the more probable that 
the fourth tooth was absent in Sigmogomphius. ‘The molars were 
semi-hypselodont or semi-prismatic and strongly curved. They 
attained about half the size of those in Castor fiber, averaging near 
11.5 mm. long; crowns, 4.8 mm. transversely, 4.5 mm. antero- 
posteriorly. Evidently they were not rooted till late in life, begin- 
ning to close up on the outer posterior corners, at which place a 
small lateral root was formed, the main portion continuing to grow 
for some time after this separation. The crowns of the premolars 
were larger than those of the molars, being about one-fourth longer 
and broader. Molars one and two were of nearly equal size. The 
triturating surface of the premolars is nearly triangular in outline; 
that of the molars is more nearly quadrate. All are set obliquely 
in the jaw, so that the folds of the enamel wall do not cut the 
fore-and-aft axis of the tooth at right angles, but obliquely. 

The inner wall of all the molar teeth is thrown into a single strong 
fold, which, in the first tooth, traverses half the breadth of the 
crown to meet a similar fold from the opposite side. In the second 
and third it crosses the triturating surface, touching or almost 
touching the exterior wall. The presence of the fold is marked on 
the inner side of the tooth by a strong, sharp groove reaching al- 
most to the end of the larger root. 

On the outer side one, two, or three folds may be present. The 
premolars have three, the first molar one, and the second molar in 
the right series one, in the left series two. Of the three folds 
present in the premolar the middle one is the strongest, reaching 
across the tooth to the inner wall. The anterior outer fold comes 
in contact with the inner loop about the middle of the triturating 
surface, and shows a decided thinning of the wall at the point of 
contact, so that the two folds have almost united to form a trans- 
verse lamella. The third, or posterior fold, occurring in the premo- 
lars and the second molar of the left side, is small but distinct. On 
molars one and two the large exterior fold present corresponds to 
the middle one of the premolar. In these two there seems to be 
nothing corresponding to the anterior outer fold of the premolar. 
In Fig. 1, 4, the first molar tooth of the right side is shown in trans- 
verse section, one-fourth of the distance from the lower end. Here 
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the anterior outer fold is seen to be an island, while the wall be- 
tween it and the end of the inner fold is very thin. It seems pos- 
sible that the island could unite with the distal end of the inner fold, 
giving it the length found in molars 1 and 2. The upper incisors, 
Fig. 1, a4, were both present and differ little, if at all, from those of 
Castor or Eucastor. 


CoMPARISON WITH OTHER CasToROID GENERA 


In comparing this specimen with the other genera of the Cas- 
toridz, there is little in the bones of the skull, which have been 
found, to show its relations, though the palatal and nasal regions 
are rather more like Steneofiber than Castor. Characters of great 
comparative value are, however, found in the highly developed 
molars. The number of molar teeth, three, is evidently important, 
since the normal number for the Castoride is four. In Mylagaulus, 
Cope, there is an exception, reduction to three or two having taken 
place. In Eucastor tortus, Leidy, described from beds of nearly the 
same age as the Berkeley Pliocene, there is found, perhaps, another 
exception. The specimen figured by Leidy,‘ Fig. 2, 24, shows only 
three molars on each side, and in his description no reference is 
made to a fourth. The figure shows what is perhaps an alveole 
for a fourth tooth on the right side, but no mention is made of it in 
the text. The great reduction in size of the posterior molars would 
lead one to suppose that the third molar had disappeared in Eucas- 
tor. It is, however, true that in Trogontherium, Fig. 2, c, in which 
molars 1 and 2 are also much smaller than the premolar, a third 
molar, larger and more complex than the others, is present. 

In number and arrangement of the enamel folds Sigmogomphius 
differs from Castor and Steneofiber, but approximates the charac- 
ters in Eucastor and Trogontherium. In the first two genera there 
are always two or more enamel folds in the outer wall of the supe- 
rior molars; in Eucastor, Trogontherium, and Sigmogomphius, the 
normal number for molars 1 and 2 is one. Both outer and inner 
folds are more oblique in these three forms than in Castor and 
Steneofiber. 

Compared more particularly, Fig. 2, with Trogontherium and 
Eucastor, which are evidently its nearest relatives, Sigmogom- 
phius differs from the first in having three molar teeth instead of 


4 Extinct Mammals of Dakota and Nebraska, Pl. XXVI, Fig. 21. 
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four, in the more nearly quadrate form of molars 1 and 2, and in 
the open character of the folds, those of Trogontherium being in 
part closed up, forming islands. From Eucastor it differs again in 
possessing open folds, instead of the islands so characteristic of 
that genus. From both it differs in the relatively greater size of the 
molars. In Trogontherium and Eucastor the triturating surface of 
the premolar is nearly as long as that of molars 1 and 2 together, 
while in Sigmogomphius the length of the premolar as compared 
with that of molars 1 and 2 combined is about as one to one and 


a half. 


Fic. 2. a, Upper molar series, right side, of Eucastor tortus; a , left, upper premolar of the 
same (a and a’ twice natural size), after Leidy. 4, upper molar series, left side, of Sigmo- 
gomphius Le Contei; b', section of right upper premolar, cut a short distance above the trit- 
urating surface (6 and 4’ twice natural size); c, left superior molar series of Trogontherium 
Cuvieri® (natural size), after Newton. 


From the above comparison it appears that the new form is 
more closely related to Eucastor and Trogontherium than to any 
other forms; also that the differences between it and these genera 
are too great to permit its reference to either one. 


GEOLOGICAL AND GEOGRAPHICAL DISTRIBUTION OF THE CASTORIDE 


In the following table, giving the geological distribution of most 
of the known Castoroid species, the American Castoride seem to 
reach their maximum development at or before the beginning of 


5 This figure was copied from an illustration, in which the enamel folds were indistinctly 
shown on the outer, right side. It was therefore impossible, in some cases, to tell whether 
the loops were closed or open at the outer end. 
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Pliocene time. If the culmination of the group in Eurasia can be 
definitely located at all, it would seem to occur in the Pliocene, or 
somewhat later than in America. This seems the more probable, 
as the genus Steneofiber lived longer in Europe than in America, 
while of the three related genera, Eucastor, Sigmogomphius, and 
Trogontherium, the American forms became extinct long before 
the European. 

The apparent earlier culmination of the American Castoride, 
together with the earlier extinction of certain forms in this country, 
seem to point toward the American rather than the European 
origin of the family. 


EURASIA | NORTH AMERICA 
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Geological Laboratory, 
University of California, February, 1896 


GROUND SLOTHS IN THE CALIFORNIA 
QUATERNARY 


MONG the vertebrate fossils which have been brought to light 
in middle California within the past year there are two 
specimens which are of more than ordinary interest, as 

they indicate the existence of that peculiar group of mammals 
known as ground sloths in this region, within comparatively recent 
times. The first of these specimens to become known was a large 
humerus, received by the writer for determination from Mr A. 
Huff, who had found it near Hamlet station, on the east side of 
Tomales bay. In August last the writer visited Hamlet in order 
to determine if possible the exact occurrence of the humerus, but 
was not able to do so, owing to the absence of Mr Huff. Two 
months later Mr F. C. Calkins visited the locality at the writer’s 
request and examined the spot from which the humerus was taken. 
To Mr Calkins I am indebted for the exact data relating to its 
occurrence. 

The place pointed out to Mr Calkins as that from which the 
humerus was obtained is in a small run about three-quarters of a 
mile southeast of Hamlet and about 100 feet above the level of the 
bay. The stream in the run has cut down quite sharply for about 
12 feet into a loose, sandy clay at the spot where the specimen was 
obtained. Above this point it flows through or over deposits 
similar to those just mentioned, and over rocks of the Franciscan 
series, so that the specimen must be derived from one or the other 
of these formations. As the Franciscan rocks are of middle 
Mesozoic age and have suffered much disturbance, the only possible 
source of such a specimen as that which we have under considera- 
tion is the more recent deposit. 

Incoherent, yellowish, sandy clays, similar to those just men- 
tioned, form the most prominent feature of the geology along the 
east side of Tomales bay between Point Reyes station and Hamlet. 
In many places they form prominent seacliffs up to 40 feet in 


Bulletin of the Geological Society of America, vol. 11, pp. 612-614, pl. 58, 1900. 
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height. They are everywhere unsolidified and frequently show 
horizontal stratification. Mr Calkins considers the beds in the 
stream cutting in which the humerus was found as an extension of 
this deposit up the slope of the hill. Judging from their incoherent 
nature and horizontal stratification, these beds are certainly much 
younger than the latest Pliocene in the region. Excepting the 
humerus, the only fossil obtained from them is a badly worn elephas 
tooth, which was picked up on the shore of Tomales bay near Point 
Reyes. This formation resembles the deposits along the shores of 
San Pablo and Suisun bays, in which a Quaternary fauna, both 
molluscan and mammalian, has been obtained by the writer. In 
this connection the preservation of the specimen is a noteworthy 
character, as the bone is absolutely intact and the original material 
unchanged. One might almost suppose it a product of the last 
half century. 

Two edentate humeri, much resembling the specimen under con- 
sideration, have been described from western North America. 
The first specimen was discovered on the Willamette river, Oregon, 
in 1839, by Mr Ewing Young. In 1842 it was described and fig- 
ured by H. C. Perkins.!. The humerus and a large gravigrade tooth, 
associated with elephas and bos or bison remains, were found about 
12 feet below the surface, presumably ina Quaternary deposit. 
This specimen was provisionally named Orycterotherium oregonensis, 
but was afterward referred to Mylodon by Sir Richard Owen. 

The other specimen, together with a femur, was obtained by 
Marsh from Alameda county, California (locality unknown), and 
was described by him as the type of a new genus, Morotherium, 
species gigas. Marsh considered Morotherium most nearly related 
to Megalonyx and Mylodon, being distinguished from the former 
by the absence of a supra-condylar foramen in the humerus, and 
from the latter by the absence of a depression for the round liga- 
ment in the head of the femur. 

Unfortunately in the type specimen of Morotherium gigas the 
only portion of the humerus preserved is the distal end, minus the 
outer and inner condyles, so that it is not possible to make a satis- 
factory comparison. To as much of it as is preserved, the Tomales 
bay specimen shows a strong resemblance. With the Willamette 


1Amer. Jour. Sci., vol. 42, p. 137. 
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river humerus, of which good outline drawings were given by 
Perkins, our specimen agrees perfectly, excepting in one particular. 
In Perkins’ drawings the deltoid ridge shows a deep narrow notch 
near the lower end, which is not present in the Tomales bay speci- 
men. In his article Perkins states that there are remains of a large 
protuberance on the outside of the humerus, a little more than half 
way down the body of the bone, so that the notch in the deltoid 
ridge is possibly an irregularity in the weathered or broken bone. 
In the figures of the humerus of Mylodon which the writer has seen 
no such notch appears. The two specimens are of nearly the same 
dimensions throughout. The principal difference is in the length, 
the Willamette specimen measuring about 20, the other 183 inches 
long. The humerus of Morotherium gigas is about the same size 
as the other two specimens. 

It is not improbable that the Willamette mylodon, Morothertum 
gigas, and the Tomales bay form are all of the same genus, pos- 
sibly of the same species. Possibly they are all Mylodon, but since 
the humerus is not well preserved in Morotherium, and the femur, 
on which that genus was based, is absent in the other two speci- 
mens, it is not possible at the present time to determine their 
relationships satisfactorily. 

Though it is not fully apparent to the writer that the genus 
Morotherium, as defined by Marsh, stands on a perfectly firm 
foundation, that name will be applied to the Tomales bay speci- 
men until further evidence can be obtained. 

The second acquisition consists of fragments of humeri from near 
Martinez, Contra Costa county. They include a distal end, pos- 
sibly also the proximal end, of a right humerus, presented to the 
University of California by Judge Jones, of Martinez. These frag- 
ments were obtained by him some years ago‘ from a loose, hori- 
zontally stratified deposit along the shore of Suisun bay, east of the 
town. Associated with them were bones and teeth of elephas and 
of a large species of Equus. The fragment representing the distal 
end of the humerus shows the articular surfaces, the outer condyle, 
and the supinator ridge perfectly, but the inner condyle is missing. 
It very closely resembles the specimen from Tomales bay, but is 
possibly from a somewhat larger animal, in which the lower end of 
the deltoid ridge was a little less prominent than in that form. 

Several miles west of Martinez, along the shore of San Pablo bay, 
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there are numerous occurrences of a deposit similar to that east of 
the town. In these beds there have been found remains of elephas 
and bison (?), along with a marine fauna, consisting of recent 
species, so that there can be no doubt as to the Quaternary age of 
the deposit. The beds at Tomales bay evidently belong to the 
same epoch as those of San Pablo and Suisun bays. It is probable 
that the other Mylodon-like remains from this coast, including the 
footprints at Carson, Nevada, also belong to the Quaternary. 
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Right humerus of Morotherium gigas Marsh 


(A little less than one-fourth natural size) 
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ON THE OCCURRENCE OF GROUND-SLOTHS IN 
THE QUATERNARY OF MIDDLE 
CALIFORNIA 


On the occurrence of ground-sloths in the Quaternary of Middle Cali- 
fornia. By Joun C. Merriam, Berkeley. 


The remains of two ground-sloths have recently been obtained 
from Middle Californian deposits of unquestioned Quaternary age. 
The first specimens found consisted of large humerus fragments 
obtained by Judge Jones, of Martinez, Calif., on the south shore of 
Suisun Bay. Associated with them were remains of Elephas and 
a large species of Equus. During the past year, 1899, Mr. A. Huff 
obtained a large and perfectly preserved humerus from loose, 
horizontally stratified deposits on the eastern shore of Tomales 
Bay, in Marin County, Calif. An Elephas tooth seems to have 
been obtained from the same deposit. 

The specimens from the two localities seem to belong to the same 
or closely related species. This form fits most satisfactorily into 
Marsh’s genus Morotherium, which was described from material 
obtained in Alameda County, Calif. 

Abstract of paper presented at first annual meeting of the Cordilleran Section, Geological 


Society of America, San Francisco, December 29 and 30, 1899. Science, n. s., vol. 11, no. 
267, p. 219, February 9, 1900. 
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THE PLIOCENE AND QUATERNARY CANIDAE 
OF THE GREAT VALLEY OF CALIFORNIA 
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INTRODUCTION 


have been known to occur in the Tertiary and Quaternary 

formations of California. One of these is supposed to have 
been found in Quaternary gravels at Murphys, Calaveras County, 
and has been referred by Leidy to an existing coyote, Canis latrans 
Say. The second species was obtained from loose gravels near 
Livermore Valley, Alameda County. It was represented by a 
lower jaw which Leidy identified as Canis indianensis, a form de- 
scribed by him previously from remains discovered in the Ohio 
Valley. Unfortunately, the Californian type has disappeared and 
we have only Leidy’s figure for comparison. 


U P TO the present time only two representatives of the Canidae 


University of California Publications, Bulletin of the Department of Geology, vol. 3, no. 14, 
pp. 277-290, pls. 28-30, November 1903. 


682 


PLIOCENE AND QUATERNARY CANIDAE OF GREAT VALLEY 683 


Of the three specimens described in this paper, two were presented 
to the University of California some years ago. Shortly after they 
were received, the descriptions and figures published here were 
prepared by the writer. They were withheld from publication as 
the specimens were found to represent new and very peculiar types, 
a thorough understanding of which would necessitate the acquisition 
of additional material. During the eight years that have passed 
since these specimens were first studied, extended investigations of 
the gravels have been made but no new material has been dis- 
covered. As yet no very productive beds have been discovered in 
the fresh water Tertiary and Quaternary of California and the num- 
ber of mammalian specimens found is small. It is to be hoped that 
somewhere in the extensive areas covered by these deposits in this 
state specimens may yet be discovered which will show other por- 
tions of the skeletons of these peculiar forms. 

A third specimen discussed here is referred to Leidy’s Canis 
indianensis, already described from this state. It is, however, of 
considerable importance. Since the loss of the jaw from Alameda 
County, it is the sole representative of the species known from this 
region. This specimen is in the museum of the California Academy 
of Sciences. Through the kindness of Mr. L. M. Loomis, director 
of the museum, and of Mr. F. M. Anderson, in charge of the palaeon- 
tological collections, the writer has been accorded the privilege of 
describing and figuring it here. 


HYAENOGNATHUS PACHYODON n. gen. and sp. 
PL. 28, Fics. 1 anp 2 


Generic characters—Mandible short and massive. Alveolar 
margins greatly flared below P3 and P4. Dentition 3, 1, 3, 3. 
P2 and P3 small. P3 molariform. P4 very large, conical, without 
accessory tubercles. M1 massive; protoconid and paraconid form- 
ing a heavy shear, metaconid absent; heel short, with reduced 
hypoconid and entoconid. M2 and M3 small. 

Occurrence-—The type specimen of this species consists of a 
mandible (No. M8139, Univ. Calif. Palaeont. Mus.) found at As- 
phalto, Kern County, close to the foot of the Temblor Range. It 
was presented to the University by Mr. Bernard Bienenfeld of 
San Francisco. 
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The excavations at the locality where the jaw was found seem 
to have been in beds ranging from late Miocene to Quaternary, 
but principally in the latest formation. A jaw of a large species 
of Smilodon associated with the Hyaenognathus mandible indicates 
that it was probably obtained from a Quaternary bed, or possibly 
from the late Pliocene. 

Mandible.—The lower jaw is short and heavy, having a strong 
resemblance to that of the hyaena. Below the molars its height 
and thickness are about equal to that in the hyaena, but the anterior 
portion below the premolars is somewhat higher and heavier. As 
in the hyaena, the inferior border of the mandible is strongly convex 
below the posterior end of the molar series. 

Owing to the extreme shortness of the jaw, the alveolar margins 
are strongly flared below the carnassial and the last two premolars. 
The extent of this spreading possibly exceeded that in the hyaenas. 

Dentition—The dentition contains a most remarkable mixture 
of primitive characters with some extreme specializations. The 
formula 3, 1, 3, 3, shows the loss of but a single tooth, P1, while the 
efficient portion of the dentition may be said to consist of but three 
teeth, a fairly developed canine, a powerful P4 and a still heavier 
Mi. 

The incisors are missing from both rami but the clearly defined 
alveoli show that they were small and crowded. I1 and 12 were 
near the size of the corresponding teeth in the hyaena but I3 was 
much more reduced. 

The lower canines are short and stout and appear a little weaker 
than in the hyaenas. 

Of the three premolars, P2 has been lost but its alveolus shows it 
to have been a thick, single-rooted tooth somewhat smaller than the 
one behind it. The root of P3 exhibits a deep groove near the top 
and was probably divided toward the lower end. The molariform 
crown seems to be somewhat worn but the button-like base is very 
thick, with a transverse diameter almost equalling the longitudinal. 
P4 has nearly two and one half times the antero-posterior extent of 
P3. The simple cone of the crown has no anterior or posterior acces- 
sory tubercles, although there is a shelf on the cingulum at the pos- 
terior inner angle. On both rami the crown of this tooth is bent 
backward slightly and is very close to the anterior blade of the car- 
nassial. 
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In the molar series, M1 is exceedingly massive and with P4 has 
done practically all of the work falling to the cheek teeth. The 
protoconid and paraconid are both greatly developed. No trace of 
a metaconid is discovered, although the postero-internal ridge of 
the protocone is prominent. The small talonid supports an exter- 
nal and an internal tubercle, both of which are very small and low. 
The crown of M2 bears an anterior and a posterior tubercle, of which 
that representing the talonid is much the smaller. M43 is repre- 
sented by a small alveolus on each ramus. 

Affinities —The dentition of Hyaenognathus has a striking re- 
semblance to so much as is known of the problematical genus 
Borophagus, described from a jaw fragment found in the Blanco 
beds of Texas. For comparison Cope’s figures! of the type speci- 
men are reproduced here together with outlines of the corresponding 
portion of the Hyaenognathus jaw (figs. 1, 2,3, 4,5). The only other 
specimens referred to Borophagus are an inferior premolar with a 
conic basal cusp and a single blade of a sectorial, which were thought 
by Cope to belong here. If the premolar with a conic basal cusp 
belongs to Borophagus, the Californian form could not be closely 
related to this genus. If this is eliminated as doubtful and a com- 
parison made with the type, we find the two forms possessing a 
combination of characters not found elsewhere. Both have the 
reduced P2, depressed P3, and the greatly enlarged, simple P4. 
Cope’s restorations of P4 in fig. 2 and fig. 4 show the posterior basal 
lobe of this tooth considerably extended. According to his view 
of the tooth in fig. 5, this restoration is not justified, as the outer 
portion of the heel was unbroken. On fig. 4 the writer has indicated 
in an unbroken line a third suggestion as to probable form, beginning 
the restoration at the point a where the break in the heel occurs. 
This shows the tooth to have a form somewhat similar to that of 
P4 in Hyaenognathus, although not so broad. Cope classified 
Borophagus on the assumption that it had four inferior premolars, 
though he suggests doubt of this at one point in his description. 
This is, however, improbable, as the presence of a P4 corresponding 
in size to what he considered as the large P3 and accompanied by a 
heavy sectorial would mean the elimination of P1, just as has oc- 
curred in Hyaenognathus and in the hyaenas. 


1Geol. Surv. Texas, 4th Ann. Rep., 1892. Vert. Palaeont. Llano Estac. p. 52, Pl. XIII 
figs. 4, 4a, 4d. 
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Hyaenognathus is evidently allied to Borophagus and it is not im- 
possible that future investigation may show generic identity. The 
differences in the minor details of form in the premolars indicate, 
however, that the types are specifically quite widely separated, 
Hyaenognathus being the more specialized. Several facts suggest 
that, while we may show that the two forms are clearly related, — 
we are not in a position to demonstrate generic identity. The 
Californian specimen represents a more extreme form coming prob- 
ably from Quaternary beds, while Borophagus is Pliocene; the two 


Fics. 1 anp 3. Hyaenognathus pachyodon, X 3. c, alveolus of canine. 
Fics. 2, 4 ann 5. Borophagus diversidens Cope, X 4. ¢, alveolus of canine. a, point 
on P4 where fracture begins. (After Cope.) 


occur at localities geographically distant from each other; and we 
do not know the most essential parts of the structure of Borophagus. 

The genus Borophagus was referred provisionally to the Hyaeni- 
dae by Cope, and the general form of the mandible in Hyaenognathus 
reminds one very much of that family. The dentition of Hyaeno- 
gnathus has, however, no real structural resemblance to that of the 
hyaenas, though its functions were evidently similar. This genus 
represents a type analogous to the hyaenas, but is derived from a 
different source and worked out on a very different type of tooth 
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structure. It represents the extreme of known specialization of the 
dog family in one direction. 

The genus differs so far from any known form that its affinities 
are not clearly shown. It resembles the Amphicyonine canids in 
the heavy jaw and simple premolars, but differs greatly in the char- 
acters of the tubercular molars and of the heel of Mi. Also, P4, 
although simple, does not correspond to any form found in the Am- 
phicyonines. The genus Cephalogale, a somewhat primitive form 
referred by Zittel to the Simocyoninae, presents many points of 
resemblance, though it is separated by differences of the same nature 
as those just mentioned. A similarity to the Mustelines of the 
Gulo group is presumably only superficial. 

Professor Cope evidently judged Borophagus to be derived from 
the peculiar aberrant Aelurodons of America. They resemble 
Hyaenognathus in possessing heavy jaws and heavy premolars, in 
the reduction of the tubercular molars, and in the reduced talon and 
metaconid of M1. There are, however, four premolars in 4eluro- 
don, three of these having accessory cusps, and the degree of modi- 
fication required to produce from them a premolar dentition like 
that of Hyaenognathus would be very considerable. 

The true affinities of this form can be determined with satisfaction 
only when we know more of the dentition and when we have some 
acquaintance with the limb structure. Some of the characters 
suggest a distant relationship to the Amphicyonines, though this is 
indistinct and a very wide gap must be filled before we can prove 
that the actual ancestors are to be found in that group. We can 
feel assured that in whatever division it is finally shown to belong, 
its place will be near the outer border of the group. 


MEASUREMENTS 


Length of mandible from anterior end of symphysis to posterior end of 
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Transverse diameter of Poteet Nee en a La 8.5 mm 
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HyYAENOGNATHUS? (PORTHOCYON nh. gen.?) DUBIUS Nn. sp. 
Pi. 29 anp PL. 30, Fic. 1 


Distinctive characters —Muzzle short, forehead and sagittal crest 
high. Brain case small and narrow, outer walls sloping sharply from 
the crest. Wings of the premaxillaries reaching back to the blunt 
anterior ends of the frontals. Palate very broad, with two pairs 
of large posterior palatine foramina. Posterior nasal openings not 
reaching forward to the end of the molar series. Dentition 3?, 1, 4, 
2. I3very large. Premolars crowded. Sectorial massive, without 
deuterocone. Metacone and heel of M1 small. M2 reduced. 

Occurrence.—This form is represented by a single specimen con- 
sisting of the greater portion of a cranium with the essential parts 
of the dentition (No. M8138, Univ. Calif. Palaeont. Mus.). It was 
found in a quarry about two miles southeast of Cornwall, Contra 
Costa County, California, and was presented to the University by 
Mr. Bromley of Oakland. 

At the request of the writer, the beds in which the cranium was 
found have been examined by Mr. V. C. Osmont, with a view to 
determining their age. The formation was found to consist mainly 
of rather loose gravel beds with some sand and clay. As a whole, 
it resembles the Quaternary near Suisun Bay just north of this ex- 
posure. The beds rest upon the San Pablo formation and dip 10°- 
20° to the north. Mr. Osmont believes that this formation is cut 
by Quaternary terraces and that, owing to the terracing and defor- 
mation which it has suffered, it may be necessary to refer it to a late 
Pliocene epoch rather than to the Quaternary. 

Cranium.—The cranium is that of an animal between a large wolf 
and a hyaena in size and resembling the latter in possessing a greatly 
abbreviated facial region. The results of this shortening are most 
noticeable in the inferior view (PI. 30, fig. 1) where the diameter of 
the palate between the blades of the carnassials is seen to equal the 
length from the canine to the posterior end of M2. In the lateral 
view (Pl. 29) the forehead appears very high and full, although the 
head shows no indications of deformation by crushing. The brain 
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case is very narrow and the walls slope abruptly from what has 
evidently been a high and sharp crest. Unfortunately the whole of 
the upper portion of the skull is gone and the exact form of the crest 
can not be determined. 

The nasal region exhibits a characteristic structure. The 
posterior ends of the nasals and the anterior ends of the frontals 
enclosing them are broad and blunt, while the posterior wings of the 
premaxillaries extend backward almost to the posterior ends of the 
nasals and meet the frontals. 

The anterior end of the jugal did not extend to the lachrymal 
foramen as in Canis, but ends considerably below it as in the hyaena. 

In the palatine region there is again a resemblance to the hyaena, 
in that the posterior nasal opening does not reach forward to the 
end of the molar series. 

In the foramina of the skull a distinctive mark is found in the 
presence of the two pairs of large posterior palatine foramina. 

Dentition.—The dentition is essentially canid. Ii and [2 have 
been lost but were evidently quite small, as there is but little space 
for them between I3 and the median premaxillary suture. I3 is 
very large and in this respect resembles the hyaenas and some of the 
Aelurodons. ‘The canines are not large. They tend rather to be 
smaller than is common in the Canidae. P1, 2 and 3 have been lost 
but the alveoli show them to have been closely crowded. They were 
evidently small, though P2 and P3 were two-rooted. The carnas- 
sial is wide and heavy. The protocone blade is situated rather far 
forward. The deuterocone has disappeared, though the inner root 
is present. On M1, the metacone is noticeably reduced, the heel 
and the whole inner lobe are small and the tubercles very low. The 
anterior inner angle is extended forward from the protocone forming 
a characteristic shoulder. M2 is very considerably reduced. 

A ffinities—The relation of this form to that represented by the 
type of the genus Hyaenognathus is a particularly interesting one. 
Fach is represented by a single specimen and they are found in beds 
not differing widely in age. Both represent short-muzzled, broad- 
palated types of canids with dentitions which are specialized but 
still not greatly reduced numerically. Unfortunately we have no 
corresponding parts for comparison, so that the true relationships 
between the two can not be determined with absolute certainty. 
Some of the features of the dentition would seem at first to show that 
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they are very different. In the superior dentition of Porthocyon, 
P4, which opposed the anterior side of inferior P4, is a small tooth 
not corresponding in size to the large P4 of Hyaenognathus. Also, 
the greatest width across the mandible of Hyaenognathus is across 
P4, or some distance in front of the carnassial, while in Porthocyon 
the width of the palate is greatly decreased immediately in front of 
the carnassial. On the other hand, we find that in the hyaena, in 
which somewhat similar structures occur, the large P3 standing at 
the point of extreme flare of the mandible is opposite the point 
where contraction of the palate begins and strikes either against or 
outside the posterior portion of a small P2. In Porthocyon P3 is 
moved so far inward that it stands in front of the inner root of the 
carnassial, and it may have had much the same relation to P4 in 
occlusion that we find between P2 and P3 in the hyaena. This 
relation occurs at about the same point in the jaw as in the hyaena, 
but is farther forward in the dentition, owing to the greater antero- 
posterior extension of the premolars in the hyaena after the reduc- 
tion of the molars. 

In a comparison of the molar series with that of the mandible of 
Hyaenognathus, we find the reduced crushing surface of M1 cor- 
responding fairly well to the small low tubercles on the short talonid 
of the lower sectorial. The presence of a prominent antero-internal 
angle on the first upper molar may be due to anterior extension fol- 
lowing loss of the metaconid on the inferior sectorial. The reduc- 
tion of the metacone can be accounted for by the median position of 
the single anterior tubercle of M2. Finally, the more than ordi- 
narily sharp upward twist of the posterior molar is suggestive of 
correspondence to the similar curve in the inferior molar series 
of Hyaenognathus. 

The resemblances just mentioned, coupled with the fact that the 
two specimens represent individuals not far from the same size, 
suggest that we are dealing with forms closely related, if not identi- 
cal. This identity may not be specific, as the two probably do not 
belong to the same epoch and show a certain degree of difference in 
dimensions. The writer inclines to the belief that the two forms are 
generically identical. He doubts, however, whether it is possible 
to prove identity in the absence of corresponding parts, as charac- 
ters might exist in either form without finding expression in the 
general correspondence discussed above. ‘This specimen is there- 
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fore given a provisional generic name by which it may be known until 
the discovery of associated upper and lower jaws gives definite evi- 
dence of its affinities. 

As in the case of the mandible of Hyaenognathus, the form repre- 
sented by this specimen is so different from any known type that 
its broader relationships are not clear. While it is recognized as a 
typical canid, it has no close affinities with any well defined group. 
As in Hyaenognathus, any resemblance to the Amphicyons which 
appears in the premolars is practically invalidated by the extreme 
reduction of the molars. There is here, again, some resemblance 
to certain of the Aelurodons (4. saevus and 4. wheelerianus) in the 
form of I3, and to a certain extent in the outlines of the upper 
molars. Among the noticeable characters separating it from this 
group is the absence of the most distinctive feature of the upper 
dentition of 4elurodon, viz.: of the protostyle of P4. 

Some of the closest general similarities to any other group that 
this form shows are its resemblances to certain of the species of 
Palaeocyon (Speothos) described by Lund? from the Brasilian cave 
fauna. Palaeocyon was a short-nosed, broad-palated dog with 
simple, crowded premolars and a very greatly reduced M2. M1 
was also small and the superior sectorial had no deuterocone. This 
genus is distinguished from the Californian form by its relatively 
small I3; minute M2; narrower and structurally different crushing 
lobe of M1; more slender facial region; and the absence of the pe- 
culiar characters of the nasal region, Jugal, and posterior palatine 
foramina found in H.(?) dubius. The two types are quite distinct 
and they may simply represent evolution in the same direction along 
two different lines. Palaeocyon is evidently a member of the Ic- 
ticyon group in which extreme reduction has taken place at the 
posterior end of the upper and lower molar series before great crowd- 
ing or elimination occurred in the premolar series. In the Cali- 
fornian form we have probably an older species. It shows less of 
the special kind of molar reduction than we see in the Icticyons, but 
is in many ways more highly specialized. If we consider the 
Hyaenognathus mandible as representing the same group as H.(?) 
dubius, we discover a farther resemblance to the Icticyons in 
the absence of the metaconid from M1. On the other hand the 


2P. W. Lund. Blik paa Brasiliens Dyreverden, 1841-45. 
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presence of three molars, the peculiar reduction of the premolars 
and the presence of two low tubercles on the heel of the sectorial 
show it to be distantly removed from Palaeocyon. 

For the present we can not do more than consider this specimen 
as representing a very aberrant type of dog, considerably removed 
from any known group. As it belongs to a comparatively late 
epoch, we may hope to establish its relationship to one of the older 
and better known groups when we learn more of the Canidae of the 
West American Pliocene. 

Should this form prove to be identical with Hyaenognathus, as 
has been suggested, we shall have made but little advance in the 
determination of the true affinities of that genus beyond what was 
suggested by the type specimen. The characters of the cranium 
and superior dentition seem to point out the same general position 
with relation to the other types of canids. This we may consider as 
evidence that the two specimens really represent the same group. 
It will be necessary to know something of the limb structure, as 
also something of the history of the group, before we shall have 
thoroughly satisfactory evidence concerning its true relationships. 


MEASUREMENTS 
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CANIS INDIANENSIS Leidy 
PL. 30, Fic. 2 


Canis primaevus Letpy. Proc. Philad. Acad. Nat. Sc. 1854, p. 200: Jour. 
Philad. Acad. Nat. Sc. 1856, III, p. 167, Pl. XVII, figs. 11-12; Pl. XXI, 
figs. 14-16. 

Canis indianensis Letpy. Jour. Philad. Acad. Nat. Sc. 1869, p. 368. 

Canis indianensis LEtwy. Geo. Surv. Terrs. Vol. I, Foss. Vert. 1873, p. 23, 
Pl. XXXI, fig. 2. 
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Canis lupus. Cope ano Worrman. Indiana Geol. and Nat. Hist. Surv. 
14th Annl. Rep. 1884, Part II, p. 9. 

Canis indianensis. Cops. Jour. Philad. Acad. Nat. Sc., Ser. 2, Vol. IX, 
p. 453, Pl. XXI, figs. 14-16. 


Occurrence.—The specimen referred to this species includes a 
part of an atlas and the anterior portion of the left ramus of a 
mandible with the canine, the sectorial, and the last premolar. It 
is embedded in coarse sand and gravel cemented by asphaltum. 
Associated with it is the anterior portion of a Mylodon skull con- 
taining the roots of the molars. The character of the matrix and 
the presence of My/odon indicate the Quaternary age of the beds in 
which it was found. 

The locality given for the jaw is Oil Springs, Oil Cafion, Tulare 
County. The writer has not been able to obtain any definite in- 
formation concerning this place. There is an Oil Cafion a few miles 
north of Asphalto, Kern County, and an Oil Springs, Tar Cafion, 
in the western part of Kings County. 

Relationships.—The dimensions of the jaw from Oil Springs are 
nearly the same as those of the mandible from near Livermore Valley 
referred to this species by Leidy. The form of the teeth can not be 
distinguished from that of Leidy’s specimen. The jaw appears 
slightly heavier below the sectorial but the difference may be due to 
distortion of the fragmentary anterior portion. In both specimens 
M1 has a well developed metaconid and the hypoconid is slightly 
compressed laterally. 

This form is, so far as can be seen, a typical dog. It is consider- 
ably larger than any existing American wolf and has a more massive 
jaw and a heavier sectorial. The specific identity of the Californian 
form with Leidy’s type from the Ohio Valley might possibly be called 
in question, as we do not know corresponding portions of the skele- 
ton from the two regions. The discovery by Cope of a very large 
wolf similar to C. indianensis in collections from the Quaternary of 
Texas shows that the eastern species ranged well out toward Cali- 
fornia, and makes it easier to believe that the form from this state 
is really to be classed with it. 


MEASUREMENTS 
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Length from posterior side of M1 to anterior side of canine............. 120 mm. 
Antero-postenion diametensoli Vil nm ane rine) ian een nie nea ea 35 

«< ‘6 66 «6 P4 17.5 
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CANIS LATRANS Say (?) 


Canis latrans. Determined by Leidy. J.D. Whitney. Aurif. Grav. of Sierr. 
Nev. of Calif., Mem. Mus. Comp. Zool. Harvard, Vol. VI, No. 1, Part 1, 
p-. 246. 

A tibia probably obtained from Quaternary gravels at Murphys, 
California was referred to this species by Leidy. Some doubt exists 
as to the locality. On the basis of more modern classification of the 
coyotes, the specific determination might also be questioned. 


University of California, 
November, 1903 
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Wy 7 Elyaenognathus pachyodon n. gen. and sp. 
Figures reproduced three-fourths natural size 


Fic. 1. Left ramus of mandible, outer side. 
Fic. 2. Mandible from above. 
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Figures reproduced three-fourths natural size 


Fic. 1. Hyaenognathus? (Porthocyon n. gen.?) dubius n. sp. Inferior side of the 


cranium. 
Fic. 2. Canis indianensis Leidy. Inner side of the left ramus of the mandible. The 


partial outlines of P2 and P3 are drawn from impressions in the matrix. The length of the 


jaw is slightly exaggerated. 
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A NEW SABRE-TOOTH FROM CALIFORNIA 


OME years ago Mr. Bernard Bienenfeld of San Francisco very 
S kindly presented to the University of California a collection 

of fossil mammalian remains containing at least two carni- 
vores which are new to science. One of these has already been 
described as the type of a new and peculiar canid genus, Hyaen- 
ognathus.1 The second form, which is described below, represents a 
large species of sabre-tooth differing considerably from those pre- 
viously described. 


MAcHAERODUS (?) ISCHYRUS, Nn. sp. 
Text, Fic. 1 


The species is known only from a mandible (No. 8140 Univ. 
Calif. Palae. Col.) found with the type of Hyaenognathus near the 
foot of the Temblor range at Asphalto, Kern County. This speci- 
men, like the others found with it, is covered with a very thin film 
of gypsum preserving the fragile bone. 

The species is characterized by the great reduction of Ps, the 
presence of a single posterior cusp on P,, the absence of both meta- 
conid and heel from M,, the shortness of the diastema, the posses- 
sion of a prominent flange below the symphysial region, and the 
abbreviation and general robust character of the jaw. 

The age of the beds in which the mandible was found is not defi- 
nitely determined. Such stratigraphic and palaeontological evi- 
dence as has been obtained indicates Quaternary or late Pliocene 
age. In addition to this, the evidence furnished by the stage of 
evolution of this species and of the associated Hyaenognathus seems 
to show that they are probably not older than Pliocene. 

The portion of the mandible present represents a large animal, 
and the species must have been one of the more formidable members 
of the sabre-tooth group. The jaw is noticeably heavy, while the 
inferior flange is wider and deeper than in the typical species of 
| University of California Publications, Bulletin of the Department of Geology, vol. 4, no. 9, 
pp. 171-175, July 1905. 

1 Bull. Dept. Geol. Univ. Calif., Vol. 3, No. 14, p. 278. 
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Smilodon and Machaerodus but hardly as prominent as in Hop- 
lophoneus. In the symphysial region the inferior portion of the 
anterior face is concave on either side of the median line, but the 
whole upper part of this face is strongly convex, and the portion 
of the alveolar margin occupied by the incisors is bowed far forward. © 
In the region of the cheek teeth the alveolar margins are flared 
outward rather more than is common in the cats, owing probably 
to shortness of the jaw. 

The dentition is 3, ;, z, x Is is absent from both rami, but its 
alveolus indicates the existence of a tooth approaching the canine 
in size. I, is considerably larger than I,. Ps is very small and is 
single-rooted. P, possesses a single large accessory cusp on either 
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Fic. 1. Machaerodus (2) ischyrus, n. sp. About 2 natural size. 


side of the protoconid, but shows no trace of a posterior basal cusp. 
The protoconid stands almost erect. In M;, the protoconid and 
paraconid are well developed and of nearly equal size. The pos- 
terior portion of M, is somewhat damaged, but there appears to have 
been neither metaconid nor heel present. The transverse diameter 
is relatively large and the tooth considerably heavier than in Smilo- 
don neogaeus. 

Of the North American species Machaerodus gracilis Cope, from 
the Port Kennedy Fissure, resembles the Californian species in the 
form of P;, while the heel of M,; has almost disappeared. M. 
ischyrus differs from this species particularly in the shortness of the 
diastema and probably of the whole jaw, in the absence of a pos- 
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terior basal cusp on P,, and in the complete reduction of the heel of 
M,. Judging from Cope’s figure? of the type of M. gracilis the 
mandibular flange is not as prominent and the jaw as a whole some- 
what weaker than in M. ischyrus. 

Smilodon fatalis Leidy, from the Quaternary of Texas, known 
only from the dentition of the upper Jaw, if a typical Smilodon as 
it appears to be, would differ in the structure of P., as also of the 
mandible in general. 

Dinobastis serus Cope, from the Texas Quaternary, does not differ 
from M. ischyrus greatly in size and had large external incisors with 
a moderately elongated superior canine. The superior sectorial has 
a large protostyle, but the basal cusp anterior to this is rudimentary. 
This means that, as in Hoplophoneus, the posterior part of Ps oppos- 
ing it was probably relatively shorter than in Smilodon. The 
characters mentioned all suggest correlation with M. ischyrus, 
although there would at present be no justification for considering 
them identical. 

Felis imperialis Leidy, from the Quaternary of Middle California, 
is known only from a fragment of the upper jaw with the third 
premolar. It is evidently also a short-faced form but seems to have 
been, as far as can be determined, of the true Pe/is type. 

Machaerodus catocopis Cope, from the Loup Fork of Kansas, has a 
relatively larger inferior canine, a deeper mandibular flange, and is 
much narrower across the symphysis. 

Machaerodus palaeindicus Bose, from the Siwalik beds of India, 
very closely resembles this species in size, in shortness of the dias- 
tema, and in the form of the anterior portion of the mandible. It 
appears from the figures? that P, has but a single posterior cusp. 
P; is, however, a heavy tooth apparently with two roots and differ- 
ing much from the corresponding tooth in M. ischyrus. 

Compared with the later machaerodont forms this species is rela- 
tively specialized in the reduction of P;, and the apparent absence of 
both heel and metaconid from My. It is relatively primitive in 
lacking a second posterior cusp on P,, and in the prominence of the 
mandibular flange, which is secondarily reduced in the later sabre- 
tooths. The abbreviation of the diastema, together with the flare 


2B. D. Cope. Jour. Philad. Acad. Nat. Sc., 2nd Ser., Vol. 11, Pl. 20, fig. 1. 
3R. Lydekker. Paleont. Indica, Ser. 10, Vol. 2, Pl. 43. 
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of the alveolar borders, and the robustness of the mandible show 
that this is a comparatively short-jawed type. | 

The combination of characters appearing here is peculiar. The 
stage of development of the mandibular flange suggests an advanced 
form of Deinctis, such as is seen in the John Day Pogonodon, or the 
more primitive Hoplophoneus species. The reduction seen in P3 
and in the posterior portion of M, equals or exceeds that in Smilodon 
and Machaerodus. The character of Ps is that of Hoplophoneus 
rather than of the later sabre-tooths. As far as can be judged 
from the characters present, this species could not consistently be 
referred to any of the three machaerodont groups which it most 
nearly approaches, viz: Hoplophoneus, Machaerodus and Smilodon. 
It may represent a new subgeneric type, in which a peculiar set of 
conditions suggested by the shortness and strength of the jaw have 
made possible the combination of primitive and specialized char- 
acters seen here. A knowledge of the cranium may bring out defi- 
nite relationship to one of the known groups, and I therefore refer to 
the species tentatively under the more or less comprehensive name 
of Machaerodus. 


MEASUREMENTS 

Length of mandible from anterior side of I, to posterior side of Mi... 123 mm. 
Length of mandible from anterior side of canine to posterior sideof M;.. 107 
Widthiofianteriomface ofsymphysialyregiom\ni) )) senso seen 52 
Dep thtofijaw, across) thepmiddlevofithe flanges sess ene ee 58 
Depth of mandible below posterior end of Py...................... 36 
eng ehtofinterionidiastemanian cee orate deere rene) eee 33.5 
Width’ ofl transversely einai, 2c ttt merece aura een sae Ves eae + 
Width offllextransverselyn, Sarasin nian NE nn IEA Ty Meet Maha sets agate 6.5 
Anterko-postesion diameter of inferioticanine sya eh es annnne iene 14.5 
INaHRO KOT Ute GhEsMNARIN CH? hb ooongonuogddsvboocwoacadodiogdoue 7 
INNES TOY NOTA GOs (GENITAL? OE Bio 6 Sabo db ddicocooeoddaconoeaaedgesse 20 
An tero-posterior/drameter of Vin ao as eee ene ay ernest 28.5 


‘Sransvierse diameter “of Mae ise oan ey Mee aT cL oa O TU ATTRA ne ANR Ge ata 14.5 


ON THE OCCURRENCE OF DESMOSTYLUS, MARSH 


HE genus Desmostylus was described by Marsh! in 1888 from 

tooth fragments found in Alameda County, California. It 

was referred to the Sirenia, and its nearest affinities were 
supposed to be with Metaxytherium from the Tertiary of Europe. 
In 1899 and 1900 additional specimens were examined by the writer, 
with a view to obtaining further information as to its affinities, but 
no material was obtained which furnished more evidence than the 
type specimens described by Marsh. 

In 1902 Yoshiwara and Iwasiki? described from the Miocene of 
Japan a number of specimens showing tooth structure almost 
identical with that of Desmostylus. ‘This material also furnished 
considerable evidence concerning the structure of the skull. The 
authors recognized the resemblances of this form to the Sirenia. 

Shortly after the appearance of the paper on the Japanese speci- 
mens a review of this article was published by Professor H. F. 
Osborn,’ who included a short note on recent studies of Desmostylus 
by Merriam. Professor Osborn considered the reference of the 
animal somewhat uncertain, very properly pointing out that both 
sirenian and proboscidean characters were represented. 

During the past year two occurrences of Desmostylus have come 
to the notice of the writer. In both cases the reference of the speci- 
mens to this form seemed beyond question, and in both instances 
the occurrence furnished evidence of considerable importance re- 
garding the possible habitat of the animals. The first specimen, 
consisting of two well-preserved columns of a large Desmostylus 
tooth, came into my hands through the kindness of Professor 
Andrew C. Lawson. It was obtained by Professor Lawson from 
Mr. W. L. Still, of La Panza, San Luis Obispo County, Calif. It 
was found in a cultivated field on Mr. Still’s ranch. This locality 


Science, n. s., vol. 24, no. 605, pp. 151-152, August 3, 1906. 


1 Am. Four. Sci., 1888, p. 94. 
2 Four. of the Coll. of Science, Imperial Univ. of Tokyo, Vol. 16, Art. 6, 1902. 
’ Science, N. S., Vol. XVI, p. 713. 
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is stated by Professor Lawson to be in a belt of Monterey shale 
which extends through this part of the country for many miles. 

The second lot of material, including numerous tooth fragments 
was presented to the university by Mr. C. H. McCharles, of the 
University of California. It was obtained from a belt of shale six 
miles northeast of Santa Ana, Orange County, California, and was 
found in association with a large number of shark teeth. 

In both instances the strata in which the Desmostylus remains 
occur are typical marine deposits, evidently of Miocene age. The 
fauna of these formations is in the main that of the open sea rather 
than of the shore, and it is difficult to conceive of proboscideans as 
occurring typically in these beds. The presumptive evidence, 
therefore, points pretty definitely toward an aquatic type as the 
one from which these remains have come. 

Of the previously described American specimens we have known 
very little concerning the occurrence. The only one of which we 
have any definite information is in the collection of Professor 
Thomas Condon, of the University of Oregon, who informed me 
that it was ‘picked up on the Yaquina beach, which is throughout 
marine.’ Marsh states that the type specimen was found asso- 
ciated with the remains of a mastodon, a camel, a large edentate, 
and one or more species of horse, apparently indicating that the 
deposits were of alluvial or fresh-water origin. Unfortunately, 
there is no record to indicate exactly where or under what circum- 
stances the material was obtained. The occurrence of the other 
three specimens from California is also very uncertain. 

Influenced by the statement of Marsh, the writer inclined origi- 
nally to the view that Desmostylus was obtained in fresh-water 
deposits. At the present moment, the only definite evidence fails 
to lend support to this view. In the case of the Japanese material 
the evidence is of much the same character as that now available 
here. It was associated with the teeth of the shark, Carcharias 
japonicus, and with the marine shell Solen. Impressions of some 
land plants were also found, and the authors expressed the view 
that the deposits, though marine, were of shallow-water origin. 
Possibly the range extends from marine beds through estuary depos- 
its in both America and Japan. 

Although the above notes do not give us very satisfactory infor- 
mation as to the habitat of Desmostylus, such evidence as is now 
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before us indicates that this form is an aquatic animal and, there- 
fore, probably a sirenian rather than a proboscidean. If Des- 
mostylus were a typical proboscidean distributed from Japan to 
southern California, one would expect to find it ranging some 
distance inland on both continents. While its non-appearance 
inland might be due to our having overlooked it in collecting, its 
appearance in the marginal marine deposits on both sides of the 
Pacific suggests that its wide range was over the sea. 


NOTES ON THE GENUS DESMOSTYLUS OF MARSH 
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INTRODUCTION 


HE peculiar mammalian genus Desmostylus described by 

Marsh! as a sirenian is of considerable interest to palaeon- 

tologists, as it represents a peculiar combination of probosci- 
dean and sirenian characters. It is, however, one of the most im- 
perfectly known of the Pacific Coast vertebrate forms, the total 
amount of American material available for study including only 
a few teeth and some scattered fragments of skeletal elements. 
Recent discoveries seem to show that Desmostylus may be a valu- 
able horizon determiner in geologic work in California, and may 
also have some importance in geological correlation between Amer- 
ica and Asia. It has, therefore, seemed desirable to bring together 
all of the information available concerning this form, in the hope 
that such a statement may assist in the accumulation of further 
data relating to its structure and range. 


OccURRENCE 


Particular attention has already been called? to the fact that all 
Desmostylus material of which definite information could be obtained 
has been found in marine beds. ‘This statement is, however, not in 
accord with that of Marsh, according to whom the type material 
was found in association with remains of mastodon, camel, a large 
edentate, and one or more species of horse. Since the publication 


University of California Publications, Bulletin of the Department of Geology, vol. 6, no. 18, 
pp. 403-412, November 1, 1911. 


1 Marsh, O. C., Am. Jour. Sc., vol. 35, pp. 94 to 96, 1888. 
2 Merriam, J. C., Science, n. s., vol. 24, p. 151, 1906. 
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of his note on this subject it has been the writer’s privilege to exam- 
ine Marsh’s type of Desmostylus, through the courtesy of Professor 
Richard S. Lull, of Yale University. Contrary to the statement in 
Marsh’s description, it was found that the original label describes 
the type of Desmostylus as coming from Contra Costa County, 
California, where it apparently occurred in association with marine 
Miocene invertebrates. One of the specimens is embedded in rock 
similar to that of one phase of the marine Miocene of middle Cali- 
fornia. The only objection to considering Desmostylus as a marine 
form has, therefore, disappeared. It is to be presumed that the 
animal may have occupied the mouths of rivers and could, there- 
fore, be found in estuary or even in river deposits. 

Within the last few years a number of occurrences have come to 
light which indicate collectively that Desmostylus is limited to a 
comparatively narrow geologic zone of the Tertiary, and is pre- 
sumably of value as a means of correlating widely separated deposits. 

Numerous fragments of Desmostylus teeth have been found by 
Mr. F. M. Anderson to the north of Coalinga, in the western part 
of the San Joaquin Valley, in beds designated by him as the Temblor 
formation. As nearly as can be determined, Desmostylus does not 
occur either above or below this zone in this region. A record of an 
occurrence corresponding to that described by Mr. Anderson was 
obtained by the writer some years ago from a specimen in the 
museum of the California State Mining Bureau. The location of 
this specimen is defined as Canoes Cafion, Sec. 33, T. 22S, R. 16 E, 
Mt. Diablo Base and Meridian. As shown by the mapping of this 
‘region by Ralph Arnold and Robert Anderson, a strip of the Vaque- 
ros formation, corresponding approximately to the Temblor of F. 
M. Anderson, crosses the higher side of this section. A tooth 
derived from this zone might be washed to any part of the section. 

Farther to the south, on the west side of the San Joaquin Valley, 
F. M. Anderson reports Desmostylus at the Temblor horizon in the 
region of the Devil’s Den. On the east side of the valley in the 
Kern region Mr. Anderson finds it again in beds corresponding to his 
Temblor formation of the west side of the valley. 

Important discoveries of Desmostylus remains were recently made 
in the Vaqueros formation north of Coalinga by Robert Anderson, 
and by Robert Anderson and R. W. Pack of the U. S. Geological 
Survey. With the permission of the Director of the Survey, 
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through the courtesy of Mr. Anderson and Mr. Pack, the writer 
had the opportunity of examining this material. The most inter- 
esting specimens comprise a fine molar tooth and a portion of a tusk. 
The cheek-tooth (figs. 1¢ and 14) corresponds almost exactly in form 
and size to the second upper cheek-tooth of a skull described by 
Yoshiwara and Iwasaki from Japan. 

Other occurrences of Desmostylus in southern California include a 
number of fragments of teeth obtained by Mr. W. L. Still of La 
Panza, San Luis Obispo County, and brought to the writer’s atten- 
tion by Professor A. C. Lawson. These specimens are considered 
by Professor Lawson as occurring in association with shales and 
sandstones near the Vaqueros formation. Another collection of 
Desmostylus teeth was obtained by Mr. C. H. McCharles from a belt 
of shale and sandstone about six miles northeast of Santa Ana, 
Orange County (see fig. 3). These beds are considered by those 
who have examined them as probably near the horizon of the 
Vaqueros. 

The occurrence of the type specimen being indicated only as in 
Contra Costa County, it is not possible to determine certainly the 
horizon at which it was found. There is, however, in the Tertiary 
of Contra Costa County a zone corresponding to that in which 
Desmostylus is known to occur in the region farther south, and the 
nature of the matrix suggests that this specimen came from one of 
the horizons of the Miocene. 

The best preserved specimen of Desmostylus in the University 
of California collection (figs. 24 and 24) is unfortunately labeled 
only with the name of the donor, who is no longer to be found. 

Considering all of the California occurrences of Desmostylus 
remains concerning which we have any reliable data, there seems 
good reason to regard it as probably characteristic of the Vaqueros 
or Temblor horizon, and presumably not occurring much if any 
higher than the faunal zone of Turritella ocoyana, which marks the 
upper limit of the Temblor or Vaqueros as commonly recognized. 

Outside of the region of California the only occurrence of Des- 
mostylus known in America is that of a tooth obtained by Professor 
Thomas Condon from the beach of Yaquina Bay in the northern 
half of the Oregon coast. ‘This specimen evidently came from mid- 
dle Tertiary beds which are exposed along the beach, but it is not 
possible to make certain of the exact horizon from which it was 
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derived. As nearly as can be determined the tooth came either 
from beds recognized as Oligocene, or from some part of the Mio- 
cene. In as much as there are reasons for considering that the 
marine Oligocene of Oregon may correspond in age to the Temblor 
or Vaqueros of California, it is possible that the horizon of Des- 
mostylus at Yaquina Bay is close to that of the definitely known 
occurrences in California. 

Remains referable to Desmostylus are reported by Yoshiwara and 
Iwasaki? from the Tertiary of Japan. They occurred in a tuffaceous 
sandstone lying some distance above a horizon containing many 
marine shells generally considered to be of Miocene age. Asso- 
ciated with the Desmostylus bones were teeth of a shark (Carcharias 
japonicus), a marine shell (Solem), and impressions of some land 
plants. The presence of plants suggests that the deposits were 
formed near shore, and presumably near the mouth of a river. 
From such information as is available one might consider the 
Japanese Desmostylus as coming from Miocene beds. 

Considering all of the evidence before us, it is clear that Desmosty- 
lus was a marine animal, which may have gone into the mouths of 
rivers; its known geographic distribution extended around the north 
Pacific from southern California to Japan; its geologic range in 
America is found in a zone near the base of the Miocene. As the 
time equivalence of the formations in which Desmostylus occurs is 
not yet fully understood, later study may show that the downward 
limit of range corresponds to the Oligocene or that the upper limit 
corresponds to middle Miocene. 


DENTITION 


The teeth of Desmostylus, as known from the Californian speci- 
mens (figs. 1a to 24), consist of several pairs of high pillars which 
are generally closely aggregated and nearly circular in cross-section. 
In some instances they are closely grouped and become angulated 
where they are in contact. The pillars are generally arranged in 
pairs set transverse to the longest diameter of the crushing face. 
In some cases three pillars are present in the transverse row. The 
average tooth comprises three pairs of pillars. In one specimen 
four transverse rows are present. In section (figs. 14 and 3) the 
pillars are seen to consist of an extraordinary thick enamel layer 


3 Yoshiwara, S., and Iwasaki, J., Jour. Coll. Sc. Imp. Univ. Tokyo, vol. 16, art. 6, 1902. 


706 PUBLISHED PAPERS AND ADDRESSES 


and a comparatively small dentine body. The enamel resembles 
in general characters that of the teeth in members of the mastodon 
group. In wear the pillars usually show a very thick rim of enamel 
surrounding a small central pit worn into the softer dentine. With 
wear the size of the central dentine area increases until, in a half- 
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Fics. 1a anp 16. Desmostylus, sp. M', X 3. Lower Miocene, north of Coalinga (NW 
z sec. 29, T. 18S, R. 15 E). Collected by Robert Anderson. Fig. 1a, lateral view; fig. 14, 
occlusal view. 


Fics. 24 anp 26. Desmostylus, sp. My, no. 9091, X 3. California, exact locality un- 
known. Fig. 2a, lateral view; fig. 24, occlusal view. 


worn tooth, its diameter may about equal the thickness of the 
enamel ring. In the field the teeth are most commonly found 
broken up into fragments of pillars. 

Of the known Japanese specimens very fortunately one includes a 
large part of a skull with a number of teeth in the jaws. In this 
individual there are three cheek-teeth shown in the upper jaws 
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(figs. 4 and 11) and three in the lower (figs. 5 to 7). The anterior 
tooth in each jaw is much smaller than the tooth immediately be- 
hind it, and was considered by Yoshiwara and Iwasaki as P* in the 
upper jaw and P; in the lower jaw. The anterior cheek-tooth, P4, 
of the upper jaw consists of four pillars of which the posterior pair 
are relatively quite small. The second upper cheek-tooth, M', is 
at least three times as large as P4. It consists of eight large pillars, 
of which three form the anterior transverse row, two pairs form the 
second and third transverse rows, and a single pillar forms the 


Fic. 3. Desmostylus, sp. Fragment of a cheek-tooth showing thickness of enamel. 
No. 10015, natural size. Lower Miocene?, near Santa Ana, California. Collected by C. H. 
McCharles. 


posterior segment of the tooth. A third upper cheek-tooth, M?, 
not yet in function, is seen in the jaw bone behind M1. 

In the lower jaw (figs. 5 to 7) there is less difference between the 
first and second cheek-teeth than in the upper series. The first 
two teeth, considered by Yoshiwara and Iwasaki as P; and Pu, each 
consist of several pillars, but P; is much the smaller tooth, and is 
short-elliptical instead of long-quadrate in cross-section. P, con- 
sists of three transverse rows of pillars with two each in the anterior 
and middle segments, and three in the posterior one. P; may be 
considered as having three transverse rows of two each with an 
isolated pillar at the anterior side of the tooth. The third lower 
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cheek-tooth, M,, consists of only six pillars arranged in three trans- 
verse pairs, but it is much larger than the second tooth, or P,. 

As the Japanese specimen evidently represents a young individual, 
it is not entirely certain how many cheek-teeth were present nor- 
mally in the jaw of the adult animal. 


Fics. 4 to 7. Desmostylus, sp. Cheek-teeth in occlusal view, X 3. Miocene of Japan. 
Fig. 4, M! and P4; fig. 5, Mi; fig. 6, Pa; fig. 7, Ps. (After Yoshiwara and Iwasaki.) 


Fics. 8 anp 9. Desmostylus, sp. Incisors in cross-section in the jaws, X ~. Miocene 
of Japan. Fig. 8, upper incisors; fig. 9, lower incisors. (After Yoshiwara and Iwasaki.) 


In the specimen of Desmostylus described by Yoshiwara and 
Iwasaki there was a single pair of large tusk-like teeth in the upper 
aw and two pairs in the lower jaw (figs. 10 and 11). The tusks 
were considered as incisors. The upper pair seems, however, in 
doubtful relation to the maxillary, and may represent canines, as 
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also the posterior lower pair. The tusks are said to reach a length 
of at least twenty centimeters. They are circular in cross-section, 
and are entirely covered with a thick enamel (figs. 8 and 9). 

As nearly as can be determined, the tusk fragment obtained by 
Robert Anderson and R. W. Pack from the Vaqueros formation of 
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Fic. 10. Desmostylus, sp. Superior view of anterior region of the skull, X §. Miocene 
of Japan. Fr, frontal region; Na, nasal; Mx, maxillary; Pmx, premaxillary; Up J, upper 
incisor. (After Yoshiwara and Iwasaki.) 


Fic. 11. Desmostylus, sp. Lateral view of a portion of the skull with the lower jaw, X § 
Miocene of Japan. Pmx, premaxillary; Mx, maxillary; Or, orbital region; Pm, fourth upper 
premolar; M!}, first upper molar; M?, second upper molar; Md, mandible; Lo fi, first lower 
incisor; Lo Jz, second lower incisor. (After Yoshiwara and Iwasaki.) 


California corresponds in form and structure to the tusks of the 
Japanese specimen of Desmostylus. It was about eighteen inches 
long, and was completely covered with enamel. Only the tip was 
preserved in the collection examined by the writer. This fragment 
is about one inch in diameter at a point less than two inches from 
the tip. The enamel on this tooth is slightly roughened. 
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SKELETON 


The skull of Desmostylus is known only through the specimen 
described from the Tertiary of Japan. The posterior region of the 
skull is broken away. ‘The superior side from the frontals forward 
as represented in the illustration presented by Yoshiwara and 
Iwasaki (fig. 10) differs from all of the known sirenian forms. The 
premaxillaries completely surround the anterior narial opening, 
their posterior ends separating the acute anterior terminations of 
the nasal elements from the posterior border of the nares. The 
exact form of the nasals is not quite clear, but from the illustration 
they seem to extend backward between the anterior ends of the 
frontals. The maxillaries are large elements, forming a consider- 
able part of the facial region. 

In the large size of the nasals and maxillaries Desmostylus is 
more primitive than any other form referred to the Sirenia. The 
situation of the anterior narial openings seen here is different from 
that in other forms of this order. The other characters of the skull 
are unfortunately not clearly shown in this specimen. 

Fragments of ribs and vertebrae referable to sirenians have been 
found in the middle Tertiary of California, and some or all of these 
remains presumably represent Desmostylus, but as yet it has not 
been possible to make certain of the relationships of these fragments. 


SYSTEMATIC POSITION 


The evidence before us indicates that Desmostylus represents a 
group which is to be included in the Sirenia. The characters of the 
skull and dentition suggest that when the whole skeleton is seen 
this genus may be found to differ from the known groups sufficiently 
to make necessary its reference to a family distinct from those thus 
far described. The peculiar characters of the skull and dentition 
of Desmostylus add somewhat to the evidence which has been held 
to indicate relationship of the Sirenia to the Proboscidea. 
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RECENT DISCOVERIES OF QUATERNARY 
MAMMALS IN SOUTHERN CALIFORNIA 


¢N EVERAL months ago Mr. F. M. Anderson called my attention 
“wm, to a deposit of bones occurring in asphalt beds near Rosemary 

y Station about nine miles west of Los Angeles. In a small 
cole of specimens kindly presented to me by Mr. Anderson 
there were represented a number of Quaternary mammalian species 
which are either new to the fauna of the Californian region or have 
been very imperfectly known. 

Recently Mrs. Ida Hancock, the owner of the property on which 
the asphalt deposits are located, has very kindly given to the Univer- 
sity of California permission to carry on excavation work in these 
beds, and a considerable collection of valuable material has been 
obtained. 

The beds in which the bones occur extend over many acres. So 
far as | am aware the bottom has not been reached in excavations 
carried to the depth of at least fifteen feet in quarrying the asphalt. 
Bones are scattered through a large part of the deposit, but are 
very unevenly distributed. In some localities they are present in 
large numbers and in fairly defined layers. 

The asphalt has in many cases penetrated even the minute pores 
of the bone, but the original material of the skeleton is practically 
unchanged. 

The remains recognized up to the present time include the follow- 
ing forms: Elephas, Equus, Bison, a mylodont, Smilodon, Canis 
indianensis (2), Canis (small species), and camel remains. Numer- 
ous bird bones and remains of insects are also found. 

In a considerable number of cases large parts of skeletons are 
found together, showing that the carcasses were entombed so 
quickly that there was not sufficient time for decomposition to 
permit separation of the parts. 

Of the specimens obtained up to the present time an extraordi- 
narily large percentage represent carnivora. The number of 


‘Science, n. s., vol. 24, no. 608, pp. 248-250, August 24, 1906. 
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carnivores is certainly relatively larger than the usual percentage 
in a well-balanced fauna, and this abundance must be attributed to 
peculiar conditions under which the bones accumulated. Un- 
doubtedly most of the remains are those of animals that have been 
entrapped or mired in the asphalt at times when it formed a deposit 
around tar springs. The surface of the asphalt is very sticky in 
some places at the present time, and where cuts are opened in it 
tar may ooze out. Such pools have probably existed here inter- 
ruptedly through a long period, and particularly during Quaternary 
time when the deposit was forming. Carnivores are numerous 
because they were attracted by birds and mammals caught in the 
asphalt. Perhaps it is not entirely a coincidence that the carnivore 
remains are usually associated with those of birds or mammals, 
which would be their natural prey. The considerable number of 
young sabre-tooth cats present may indicate that the younger and 
less experienced individuals were more easily lured into the tar 
pools. 

During the first examination of the beds several small, pebble-like 
bones were obtained which resembled the dermal ossicles of the 
ground-sloth, Grypotherium, recently described by Dr. A. Smith 
Woodward! from skin fragments obtained in a cave at Last Hope 
Inlet, Patagonia. The ossicles were in association with remains of a 
large ground-sloth somewhat similar to My/odon in foot structure. 
Realizing that the peculiar conditions of accumulation offered an 
especially favorable opportunity for preservation of the dermal 
armor of a ground-sloth, during the second study of the deposits 
an attempt was made to find a specimen in which the armor might 
be recognized. Several hundred yards from the location of the 
first specimen, a large scapula resembling that of a mylodont was 
found partly exposed, with a row of small ossicles immediately over 
the outer side. The section of the bed containing these bones has 
recently been worked out, and the row of small bones proves to be 
the edge of a distinct layer including between 250 and 300 individ- 
uals. They mantle over the outer surface of the scapula, being 
removed from it by about an inch of asphalt. 

The layer of bones as we find it has probably been disturbed 
somewhat and does not occupy its original position exactly, but the 


1A. Smith Woodward with Dr. F. P. Moreno, Proc. Zool. Soc. Lond., 1899, pp. 144-156, 
pls. 13-15; also A. Smith Woodward, Proc. Zool. Soc. Lond., 1900, pp. 64-79, pls. 5-9. 
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fact that it remains as a distinct layer with a tendency toward simi- 
lar orientation of the individual ossicles indicates that the disturb- 
ance has not been great. As the position of the layer in the asphalt 
was nearly vertical, the presence of the large number of ossicles 
together may not be attributed to the washing together of scattered 
elements on the floor of a small basin of deposition. 

The ossicles are not closely pressed together and are not super- 
imposed. The individuals range in size from a cross-section of 
6.5x 4.5mm. to21x16mm. Excepting a few of the largest ones, 
which are nearly square, the greater number are rounded and rather 
irregular in form. The outer side is in some cases more regularly 
modeled than the inner. The surface of the bones is somewhat 
roughened or pitted in some instances, but no markings are present 
which would be considered as definite sculpturing. The micro- 
scopic structure has not yet been examined. 

In general the form, size and arrangement of the ossicles are 
much as in the bones in the Grypotherium skin from Patagonia. 
The skin fragment first described by Woodward was thought to 
represent mainly the region of the neck and shoulder. The Cali- 
fornian specimen mantles over the outer side of the scapula, and is 
presumably not far removed from its original position with relation 
to this bone. ‘The generic position of the form represented by this 
specimen appears as yet somewhat uncertain, but a satisfactory 
determination of its affinities will probably be possible when the 
skeletal material available has been finally assembled. 


THE SKULL AND DENTITION OF AN EXTINCT CAT 
CLOSELY ALLIED TO FELIS ATROX LEIDY 
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INTRODUCTION 


from the asphalt beds at Rancho La Brea, near Los Angeles, 

a feline skull of extraordinary size, and specifically unlike the 
cranial parts of any form thus far described from this continent. 
Dr. Bebb very generously permitted me to make a study of this 
remarkable specimen, for which my sincere thanks are due him. 
The skull has recently been presented by Dr. Bebb to the palaeon- 
tological museum of the University of California, and has been 
placed on exhibition. 

The species represented by the skull obtained by Dr. Bebb seems 
to correspond in characters to the great cat described as Felis atrox 
by Leidy many years ago, from Quaternary beds in the state of 
Mississippi. This form was evidently one of the largest known 
species in the group of true cats, and seems to have ranged over at 
least the southern half of North America. 

In comparing the Rancho La Brea specimen with Leidy’s de- 
scription and figure of the type of Felis atrox, the writer was very 
graciously assisted by Mr. Witmer Stone of the Academy of Natu- 
ral Sciences of Philadelphia, who kindly made an examination of 
the type with reference to several doubtful points. 


T DECEMBER, 1908, Dr. William Bebb of Los Angeles obtained 


University of California Publications, Bulletin of the Department of Geology, vol. 5, no. 20, 
pp. 291-304, pl. 26, August 24, 1909. 
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History or Type SPECIMEN OF FELIS ATROX 


In 1853 Joseph Leidy described! and figured under the name of 
Felis atrox a portion of a lower jaw of a very large cat which seems 
to have been obtained in beds of Quaternary age, near Natchez, 
Mississippi. Regarding the occurrence of this specimen Leidy 
makes the following statement: 

“The specimen belongs to this society (Amer. Philos. Soc.), 
and when first discovered was in company with several fragments 
of bones and a few teeth of other extinct mammalia, without 
labels, but from the condition of their preservation corresponding 
closely to that of some specimens, in several instances of the 
same animals, contained in the collection of the Academy of Nat- 
ural Sciences, from ravines in the neighborhood of Natchez, 
Mississippi, I have no doubt they were derived from the same 
locality, and probably constitute the donation entered upon the 
minutes of the Society, April 1st, 1836, of some fossil remains from 
the vicinity of Natchez, presented by William Henry Hunting- 
ton, Esq.” 

The specimens accompanying the large cat jaw in the collection 
of Mr. Huntington included remains of Mastodon, Bison, and 
Equus americanus. Other remains found at Natchez included 
Mastodon, Megalonyx, Mylodon, Bison, Cervus, Equus, and Ursus. 

The type specimen consisted of the anterior half of the left 
ramus of a lower jaw including all of the teeth excepting the in- 
cisors. This specimen was designated as the American lion by 
Leidy, and was shown to represent a species larger than the Recent 
lion and tiger, and larger than the extinct cave lion of Europe. 

Since the description of the type specimen of Felis atrox no other 
material has been published upon which has been referred to this 
species. The only described specimen known to the writer which 
might possibly be referred to this form is the fragmentary type of 
Felis imperialis, which Leidy obtained from deposits presumed to 
be of Quaternary age occurring in Livermore Valley, California. 


OccURRENCE AND AGE oF RancHo La BrEA SPECIMEN 


The skull which forms the subject of this paper was obtained 
by Dr. William Bebb in the asphalt beds at Rancho La Brea, about 


1 Leidy, Joseph, Amer. Philos. Soc. Trans., New Ser., vol. 10, p. 319. 
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nine miles west of Los Angeles. It was associated in these deposits 
with numerous other mammalian remains including the following 
forms: Canis indianensis; Canis, n. sp.; Smilodon (2) californicus; 
Bison antiquus; Elephas, sp.; Mastodon, sp.; Camelops, sp.; Para- 
mylodon nebrascensis. ‘The fauna as a whole cannot be considered 
as other than Quaternary, although the particular division of that 
system represented is not as yet clearly determined. 


SKULL 


The general form of the skull (pl. 26) in the Rancho La Brea 
specimen is remarkably similar to that in the Recent African lion 
and to the cave lion of the European Quaternary. The principal 
peculiarity noticeable in the broader outlines of the skull is seen 
in the width of the muzzle compared with the basal length. The 
breadth of the skull across the zygomatic arches, and also across 
the upper jaws measured through the superior sectorials is com- 
pared with the basal length about 5 per cent. less than in the 
specimen of the African lion in the University collections; while 
the transverse diameter of the muzzle measured over the narrowest 
point opposite the diastema is about 5 per cent. greater than in 
the African lion. 

The widening of the muzzle is probably not due to vertical 
compression; on the contrary the position of the nasal bones indi- 
cates a slight lateral flattening. 

In its superior outlines the skull approaches the lion more closely 
than the tiger. The planes of the frontal and nasal regions seem 
to have been nearly identical, and the angle which the nasal re- 
gion makes with the superior line of the sagittal crest is smaller 
than in the tiger or in the puma. A considerable portion of the 
frontal region has been crushed and corroded, but as nearly as can 
be determined, it was originally nearly flat, rather than convex as 
in the tiger. 

The sagittal crest shows about the same degree of development 
as in the African lion, and the superior line of the crest is nearly 
straight as in that form. 

The brain case is somewhat smaller than in either the lion or 
the tiger. 

In the facial region, the anterior narial opening as nearly as can 
be determined is not materially different from’that of the African 
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lion. The form and relations of the nasal elements posteriorly 
can unfortunately not be seen, owing to corrosion of the skull at 
this point. The frontal process of the left maxillary, which is 
well preserved, is rather broadly truncated posteriorly, which 
probably indicates that the terminations of the nasals, frontals 
and maxillaries in this region had much the same arrangement 
as in the tiger. 

The occiput shows a rather marked narrowing immediately above 
the mastoid region, due in a large measure to the reduction of the 
lambdoidal ridges on each side just above the level of the upper 
side of the foramen magnum. The middle region of the occiput 
is marked by a sharper ridge than the corresponding median ele- 
vation of this region in the lion. In the tiger this region is gener- 
ally more evenly rounded than in the lion. 

The region of the dasioccipital (fig. 1) is flatter in the space be- 
tween the auditory bullae than in the lion, and on both sides the 
greatly roughened area for the attachment of the longus capitis 
is situated nearer the posterior lacerated foramen than in the 
lion or tiger. The median tubercle for attachment of the constric- 
tor pharyngis superior, which sometimes appears on the inferior 
side of the basioccipital and basisphenoid in the lion, is absent in 
this specimen, as it is in F. spelaea according to Dawkins and 
Sanford. 

The auditory bullae are much smaller than in either the lion or 
the tiger, and are smaller than the bullae of any modern feline 
known to the writer. The entotympanic portion is much less 
inflated than in the lion. The ectotympanic region is much 
flattened, and is quite distinctly set off from the entotympanic 
portion. The anterior spine of the ectotympanic region extends 
farther forward than the anterior extension of the entotympanic 
portion, and reaches forward over the base of the zygomatic arch 
to a point a very short distance behind the middle of the glenoid 
fossa. The space between the mastoid and postglenoid processes, 
and opposite the external auditory meatus, is somewhat wider 
than in the lion. 

The external auditory meatus is situated relatively far out from 
the median line of the skull; the portion of the opening nearest the 
median line being laterad of the inner side of the stylomastoid 
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foramen, as well as considerably farther out from the median line 
than the inner end of the postglenoid process. 

The paroccipital process is relatively prominent, owing largely 
to the reduction in size of the auditory bulla. 

The /ower jaw in this species (fig. 2) is slightly heavier than 
that of the Recent lion and tiger specimens available to the writer, 
but is apparently not more massive than in some specimens of the 
European spelaean form. The symphyseal region is somewhat 
broader and more massive inferiorly than in the lion. This region 
is, however, covered in part with a rough growth of bone which is 
more pronounced on the right ramus, and may be due partly to 
age and partly to unusual conditions existing only in this indi- 
vidual. In one of the specimens of F. spelaea figured by Dawkins 
and Sanford? the symphysis is nearly as heavy as in the specimen 
from Rancho La Brea. 

The inferior margin of the jaw is concave as in the tiger, owing 
to the prominence of the symphyseal region and of the angle. 
The most prominent portion of the middle region of the inferior 
border corresponding to the “‘ramal process’? of Dawkins and 
Sanford is below the anterior lobe of Mi. The masseteric fossa is 
very deep, and its extreme anterior border reaches forward to a 
point opposite the middle of the inferior carnassial. The inferior 
border of the anterior portion of the masseteric fossa is marked by 
a sharp upward twist occurring just below the deepest portion of 
the fossa as in one of the specimens of F. spelaea figured by Daw- 
kins and Sanford. 

The coronoid process is extraordinarily large and high. The 
superior portion swings backward somewhat as in the tiger, so 
that the posterior extremity extends behind the condyle. 

The form of the angle is intermediate between that of the lion 
and the tiger; as it projects inferiorly more than in the lion, and 
less than in the tiger posteriorly. 

Some of the foramina show features which seem to be charac- 
teristic. 

The infraorbital foramina are rather narrowly oval as in the 
tiger, and are relatively smaller than in the lion. 


2 British Pleistocene Mammalia, pl. 1, fig. 1. 
3 British Pleistocene Mammalia, pl. 1, fig. 1. 
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In the palatine region there is a slight but noticeable peculi- 
arity in the situation of the posterior palatine foramina. The 
posterior borders of these foramina in this specimen reach back to 
a point behind the superior molars. In the lion and tiger they are 
situated somewhat farther forward. 

In the lateral region of the skull the foramen rotundum is sepa- 
rated from the sphenoidal fissure by a much thinner bony septum 
than in the lion, and the space separating this foramen from the 
foramen ovale seems comparatively wide. 

In the basicranial region (fig. 1) the stylomastoid foramen is not 
situated farther out from the median plane of the skull than is 
the median or innermost portion of the inferior border of the 
auditory meatus. In the lion and tiger the stylomastoid foramen 
is situated relatively much farther from the median plane. 

The condylar foramen is in this specimen set relatively far back 
so that on the left side of the skull it can scarcely be said to be 
included in the opening of the posterior lacerated foramen. 


MEASUREMENTS OF SKULL 


Length from anterior side of premaxillary to posterior side of occipital 


CONG ESRI TEN erat nn MTeoR Ne! Aiur et wee etc 395. mm. 
Greatest length from anterior side of premaxillary to inion........... 438.5 
Greatestawid tno lizycomaticanchestyamwr ani wel selon se dono sae oye SI 
Least width across muzzle behind superior canines.................. 136. 
Width between outer sides of alveolar margins of superior car- 

ASSIA RUA PEP Mee ee ALD star core as Sela ita eG RNR AS ON ISI), 
Length from a line drawn between the postorbital processes of the 

frontalsmoutherex theme occipitaliprotuberance. 44s kaka) oe 197. 
Distance from upper end of foramen magnum to the posterior end of 

SADALCALICLES CaM Renn am OAM SHAUNA ALAM Nee eabitigtinen Waitin WLP A SARE. 88. 
Length of left ramus of mandible from extreme anterior end to posterior 

TGS Gi GOrah AS is eg es WN ese nse yee MO nae A 291.5 
Length of mandible from anterior side of canine at alveolar border to 

POStChOMsICerolncondylenmm any uaa wet ney nak a te mies Gate as 289.5 
Fleishtotloweniaw:belowaprotoconidiof basen quence tan sei Sop 
Height of lower jaw below protoconid of Py in F. atrox, type specimen. 55. 
Thickness of lower jaw below protoconid of Py..................000- 30.8 

DENTITION 


Superior DentitionThe upper teeth are unfortunately con- 
siderably worn and broken, so that only P* remains absolutely 
intact. I?, P?, and M! had disappeared before the specimen was 
discovered. 

The superior canines are unfortunately represented only by the 
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broken basal portions. They are relatively large compared with 
the anteroposterior diameter of the cheek teeth and compared 
with the length of the skull. A number of detached superior — 
canines in the collection are considerably smaller than that of 
no. 14001, but may represent another species. 

The form of P? resembles that of the modern African lion except- 
ing in the somewhat greater elongation of the cusps in the lion, 
and in the slightly larger size of the posterior basal tubercle in 
the Rancho La Brea specimen. The crown of this tooth is gener- 
ally somewhat lower than in the lion, and in F. spelaea, and in this 
respect resembles the tiger. 

Both superior carnassials are considerably broken on this speci- 
men, but the form is well shown (fig. 3) on a loose tooth (no. 12501) 
obtained in the same deposit. This tooth is about comparable to 
that of the Recent tiger, excepting that the antero-external promi- 
nence in front of the protostyle is not as well developed as in the 
tiger, and the crown is not quite as low. 

M! seems to have been distinctly two-rooted on one side of the 
skull, and the roots were nearly separated on the other side. 

Inferior Dentition——The elements of the inferior cheek tooth 
dentition of the specimen have fortunately been preserved intact. 
The inferior canines and all of the incisors but the left I; have 
disappeared. 

The space occupied by the inferior incisors is relatively small, 
being only a little greater than in a Recent African lion skull of 
much smaller size. The roots of the incisors remaining stand in a 
line which is bowed backward rather sharply compared with the 
slightly curved transverse line of the incisors in the lion and tiger. 

The inferior canines have a greater anteroposterior diameter 
compared with that of the inferior carnassial than in the lion, but 
are smaller in comparison with the upper canines. 

The diastema is relatively a little shorter than in the Recent 
lion and tiger, but is not as short as in one of the specimens of 
I’. spelaea figured by Dawkins and Sanford.‘ 

In Ps the postero-internal portion of the cingulum is more 
strongly swollen laterally than in the lion and tiger. P, resembles 
quite closely the form of this tooth in the African lion, excepting 


4 British Pleistocene Mammalia, pl. 1. 
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that the anterior and posterior cusps are perhaps a little more com- 
pressed laterally and are less acute. The protoconid is approxi- 
mately triangular in cross-section, the inner angle of the triangle 
extending down to the cingulum as a rather prominent ridge. 

M, corresponds in relative size and proportions quite closely to 
the inferior carnassial of the African lion. It possesses however a 
well-developed heel and a minute cusp corresponding to the meta- 
conid. Although the paraconid blade is somewhat worn it seems 
to show evidence that its anterior margin sloped backward more 
strongly than the nearly vertical anterior border of this portion of 
the tooth as it may appear in the African lion. 


MEASUREMENTS OF DENTITION 


Sag #8 
3S z & Ry 2. 
s 3 
Length, anterior side of superior canine at alveolar 

FANN TEN ay (HO) OOD MONe GIS CH VE soon ounaadnade 134.5 mm. 98. 
Length, anterior side P? to posterior side P*...... Ml o& 67.5 
Width, from median side I! to lateral side I8...... 28. 24. 
Superior canine, anteroposterior diameter at alveo- 

ase TaaeareRi a Oe NaC anc een me 42.3 DD). 
Superior canine, transverse diameter at alveolar 

FONESRERD TY oy Us dls el CNN eg Sh Ct NE UN en ne ar A Bod 16.3 
P2, anteroposterior diameter of alveolus.......... 10. 9.6 
P3, greatest anteroposterior diameter............ 29. 778}. 
Pemoneatestitransverseraiametene yee aia: 14.6 11.6 
P-woreatest)anteropostenion diameter........-5.- 43. So 
P4, greatest transverse diameter across deutero- 

COSNS o's aioli B Gta hia ares RUA ange Renee Boonen a aL eee 21-5 16.3 
P4, greatest anteroposterior diameter of protostyle. 10. des 
Width between medial borders of alveoli of inferior 

CBS ASS wharcl ole iso eh SG eile Gaaae aan eet eA LMA AE lA 2925 25.6 
Inferior canine, anteroposterior diameter of al- 

VCOLUS Hp Pee nian Manan i ali walbeaiit i uuculeete cs) 39.3 We DBS of 
Inferior canine, transverse diameter of alveolus.... 23.5 20.8 15.2 
Length, anterior side of canine at alveolar border 

(@ POONA? GIS CH IM sooo coadevoudomednoen as 156.8 162. 1S). 
Length of inferior cheek tooth series............. 86.7 86.5 64.6 
P3, greatest anteroposterior diameter............ 20.5 21.3 18.2 
emeteatesttansverse diameterynn nae cia AS 10. 
Tetedtestantelopostenmoiadiametenas aan OLE 2 ot. 23.8 
rwoneatestathalsverselaiameteh syne cna ea: 16.5 1305 
Mi, greatest anteroposterior diameter............ 34. Se 24.5 
Mayateatest transverseydiametet crease eee: 16.8 3.8 


Mu, greatest anteroposterior diameter of paraconid 


Dlademenrre tee cree eR S ANE ORL ne Gia 16. 11.8 
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DiaGnostTic CHARACTERS 
Felis atrox Leidy, variety bebbi 
Felis atrox, Leidy, Am. Philos. Soc. Trans., New Ser., vol. 10, p. 319. 


Type specimen of Mississippi form Coll. Acad. Nat. Sc. Philad. 
Obtained in beds of presumable Quaternary age near Natchez, 
Mississippi. Bebo: form based on specimen 14001, Univ. Calif. 
Col. Vert. Palae., from the Quaternary of Rancho La Brea, Cali- 
fornia. 

Muzzle very wide compared with the length of the skull. Post- 
orbital processes of the frontal relatively far back. Brain case 
small. Auditory bullae small. Anterior spine of ectotympanic 
region extending much farther forward than entotympanic portion. 
Occiput high and narrow. 

Coronoid process very high and wide, and set near median end 
of condyle. Masseteric fossa very deep and showing a marked 
excavation as far forward as the middle of the inferior carnassial. 
Symphyseal region wide inferiorly (possibly an age or individual 
character). Anterior outline of symphyseal region more nearly 
normal to the inferior line of the mandible than in the lion or 
tiger. Condyles set low with reference to alveolar margin. Angle 
produced inferiorly somewhat farther than in the lion and tiger. 

Infraorbital foramen smaller than in the lion or tiger, and situ- 
ated a little farther back with reference to the P*. Condylar fora- 
men tending to be separated from posterior lacerated foramen on 
one side of the skull. 

Canines relatively large, and the incisors small or set in a rela- 
tively narrow space. M! two-rooted. Inferior carnassial with 
metaconid, and with a well-marked heel developed on the cingu- 
lum. Protoconid of P; and of Py nearly triangular in horizontal 
cross-section. Inner ridge of the protoconid of P, relatively promi- 
nent at the base. 

Individuals of this species of large size. 


AFFINITIES 


Relation to Felis atrox Leidy.—The lower jaw of the Rancho La 
Brea specimen approaches very closely in measurements the pecu- 
liar feline jaw from Natchez, Mississippi, which served as Leidy’s 
type of Felis atrox. Leidy’s original specimen unfortunately con- 


sisted of only a half of a lower jaw with the cheek teeth and the 


| 
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canine. The comparable dimensions are surprisingly close, par- 
ticularly in the case of the cheek teeth, as is shown in the table of 
measurements (p. 721). The cheek teeth are similar in the lack 
of elevation of the cusps, and in the form of the cusps of P,. The 
principal differences are found in the slightly longer anteroposterior 
diameter of the canine, in the greater development of the anterior 
basal tubercle of Ps, the shorter diastema, and possibly the greater 
development of the antero-inferior portion of the symphyseal re- 
gion of the Rancho La Brea specimen. Slight differences may also 
exist in the reduction of the posterior basal tubercles of M, in the 
type specimen. This character is, however, always more or less 
variable. 

Mr. Witmer Stone, who has kindly examined Leidy’s type for 
me, finds a slight indication of an interior basal tubercle on P; 
of the type, though it is not shown in Leidy’s figure. This char- 
acter is more or less variable in the lion. 

The form of the mandible is not certainly to be depended upon 
for specific diagnosis, as the type specimen was covered with a 
thick ferruginous coating, which may be supposed to have dis- 
guised its form somewhat. The marked prominence represented 
on the inferior border of the jaw below the anterior end of P, 
in Leidy’s figure, and considered by Dawkins and Sanford® as a 
possible ramal process, is probably to be considered as principally 
an irregularity of the ferruginous coating of the jaw. Mr. Witmer 
Stone, who examined the type with reference to this feature, states 
that “it has been much exaggerated in the figure, or has been re- 
moved since.”’ Mr. Stone believes that it was without question 
part of the matrix. 

The form of the symphyseal region in the Rancho La Brea 
specimen is somewhat different from that in the type, in which the 
antero-inferior region is gently rounded, rather than markedly 
angular. Variation of this nature may be due in part to difference 
in age. A considerable irregularity in the roughened surface of 
the bone in the antero-inferior portion of the symphysis in the 
Rancho La Brea specimen is possibly in part an individual pecu- 
liarity. 

While there seems little doubt that the Rancho La Brea specimen 


British Pleistocene Mammalia, part 3, p. 161. 
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is specifically identical with Felis atrox Leidy, the slight differences 
in size of canine, form of Ps, length of diastema, and form of the 
symphyseal region of the jaw make it desirable to refer to this type 
as the debdi form, in contrast to the typical specimen. 

Relation to Felis imperialis Leidy—The type of Leidy’s Felis 
imperialis’ was obtained by Dr. Lorenzo G. Yates in a gravel de- 
posit at Livermore Valley, California. In the same beds there 
were also obtained remains of Bison latifrons, Auchenia hesterna, 
Elephas, Equus, and Canis indianensis. ‘This collection taken as 
a whole indicates the Quaternary age of the deposit. There is, 
however, no definite statement as to how closely the specimens 
represented in the collection were associated. 

The type specimen consisted of an upper jaw fragment con- 
taining P?, and showing the alveoli of P? and the canine. It is 
considerably smaller than the Rancho La Brea specimen, as 1s indi- 
cated by the following table of comparative measurements: 


i] 
s 5 
3 ae 
$38 He 
$5 28 
S So 
Length, from posterior side of canine alveolus to posterior side 
2) (Eee AR DMMP ei mer ae UL AO RG Tid ato Giney & RAS Ge 45.4 54. 
Es Vanteropostenloniaiametcnn ane eren Een nrre PU Sten Bree WB 20% 
P3, height measured from cingulum to apex of protocone........ 14.8 19.8 
Diametenioficaninealveolush ere er sore ee ey eerie DY) 3) 42.3 


A perfectly preserved upper canine in the University collections 
from Rancho La Brea agrees almost exactly in size with that of 
the type of F. imperialis. 

The fragmentary nature of the type of F. imperialis makes it 
nearly impossible to determine certainly whether it is to be con- 
sidered identical with Ff. atrox. The difference in size amounting 
to about one-fifth is probably not sufficient to exclude it from F. 
atrox. ‘The only other character available for comparison is found 
in the form of P%. This tooth is according to Leidy’s figure’ 
relatively high, measured from the cingulum to the apex of the 
protocone. In the corresponding tooth of the Rancho La Brea 
specimen of F. atrox the height is relatively less, or the tooth rela- 


6 Leidy, J., Proc. Acad. Nat. Sc. Philad., 1873, p. 259. 
7 Leidy, J., U. S. Geol. Surv. Terrs., vol. 1, 1873, pl. 31, fig. 3. 
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tively longer anteroposteriorly. In the F. imperialis specimen the 
posterior cusp is higher with relation to the posterior basal tubercle. 
The high form of P# is rather characteristic of the recent puma, 
while the lower form is seen in the tiger. P# of the lion is some- 
what higher than in the tiger. Some doubt must exist as to 
whether this character is definite enough to warrant the separa- 
tion of the F’. imperialis specimen as a distinct species, even if the 
tooth in question is represented with absolute accuracy in Leidy’s 
figure. 

Leidy suggested that /. zmperialis might be found to represent 
a young individual of the /’. atrox type, and the range of size in 
the specimens available from Rancho La Brea might be considered 
as evidence pointing in this direction. 

A milk carnassial of a large cat of the Felis type described by 
Bovard? from the Quaternary of Potter Creek Cave, was recognized 
as possibly representing Felis imperialis. ‘This specimen, as shown 
by the table of measurements below, corresponds to the Recent 
African lion in dimensions. It represents an animal nearer to the 
size of the type of /’. imperialis than to that of the Rancho La Brea 
specimen. 


MEASUREMENTS OF SUPERIOR MILK CARNASSIALS 
No. 3825, Potter Recent African Puma 


Creek Cave Lion 
ZAMCCLOPOStelOraciameten miami eee: 24.6 mm. 24.3 16. 
Transverse diameter................ St ete 8.2 8. 4.6 


Issued August 24th, 1909 


®§ Bovard, J. F., Univ. Calif. Publ. Geol., vol. 5, p. 163. 
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Fic.1. Felis airox, variety bebbi. Basicranial region, no. 14001, X .45. From the Qua- 
ternary of Rancho La Brea. 

Fic. 2. Felis atrox, variety bebbi. Mandible, no. 14001, X 2. From the Quaternary of 
Rancho La Brea. The angular process is incomplete on this ramus. 

Fic. 3. Felis atrox, variety bebbi. Right superior carnassial; a, inner side; 0, occlusal 
view. No. 12501, natural size. From the Quaternary of Rancho La Brea. 


Buti. Dept. GEoL. UNIV. CAL. 


WOily Sj, it, AO 


Felis atrox, variety bebbi 
Skull, no. 14001, a little more than one-third natural size (X .367). From the Quaternary of Rancho La Brea. 
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there are a number of mammalian species which have not as 

yet been described. As it is necessary to list a number of 
these forms in several publications, it is desirable to present the 
following brief descriptions of the species: 


if THE collections of mammalian remains from Rancho La Brea 


CANIS ORCUTTI, n. sp. 


Type specimen no. 10842, Univ. Calif. Col. Vert. Palae., from the 
asphalt beds of Rancho La Brea near Los Angeles, California. 

This species is represented by a considerable number of speci- 
mens, amounting to something less than ten per cent. of the total 
number of skulls representing the Canidae in the Rancho La Brea 
fauna. The species is closely related to Canis ochropus Esch- 
scholtz now living in Southern California. The skulls of Canis 
orcutti, though showing approximately the same length as the liv- 
ing C. ochropus, are noticeably broader across the palate and zygo- 
matic arches. The mandible is considerably higher, particularly 
below the molars, and is also thicker transversely than in the liv- 
ing form of this region. The dimensions of the teeth do not vary 
greatly from the living species except in the thickness of both the 
upper and lower carnassials, which are much heavier in the fossil 
form. M1? tends also to be somewhat heavier and broader on the 
median side than in the typical C. ochropus, and in this respect 
more nearly approaches the typical C. /atrans. In M, the meta- 
conid seems to be slightly less prominent medially than in the typ- 


University of California Publications, Bulletin of the Department of Geology, vol. 5, no. 25, 
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ical C. ochropus, possibly owing to the greater thickness of the 
trigonid blade in the fossil form. 

A skeleton of this species which has been assembled from parts 
of separate individuals seems to show quite distinctly that the 
animal was a rather slender, long-legged creature and evidently 
swift footed as the living coyotes. 


MEASUREMENTS 
No. 10842 
Length from anterior side of premaxillaries to posterior side of occip- 
ital cond yles neni s eV MOH EL Aes yey Tien Ce ast Lo Rot kar a Oe 188.5 mm. 

WiicdtheacrossizygomalticratChies pa rew er ieee iar see ae 108 
Wirdthibetweenloutensid esiotsentoconcsio ll asa nth rn annie 65 
Meastiwidthybctweenisuperion bordersrolotbItshMm err aee se arene 38 
Width between postorbital process of frontals...................... 55 
Length, posterior side of superior canine to posterior side of M?....... 80.5 
Length, anterior side of P* to posterior side of M?................... Slo 
Eevanteropostenonidramecten en hi ane eemnn ty ane aera ee Dos 

Be anteroposterior diametersnaceise ayer keys ave ie one Rea ee ere Dil 7 

IPE CHOWK SSIS SLOSS [KOENIG oacoavonsovovcadanrcoccwacsoreboacys 8.5 
M1}, anteroposterior diameter measured along outer border........... N38) 
Mo weteatest transverserdiamete lana eee eae ae ese renner 16 

M?, anteroposterior diameter measured along outer border........... fod 
Me Nereates ti thansVersela ial inc Cc lair einen ry. aire eee es 10.5 

No. 11278 
Length, anterior end of left ramus of mandible to middle of posterior 
sideVoficondyles ies ns 1)2) 4 ut talays Sara RR AR WG re ine Ay gv 145.5 mm. 

Height/of mandible’ below posterior sidejofy Pon anaes ee ana 17 
Heightiofimandible belowsposterionsidcots Minen see eee ern ee 225 
Thickness of mandible below protoconid of Mi.....................- HSS 
Length, posterior side inferior canine to posterior side Mz............ 85 

Ps wanteropos teriloridiamete heer apr Aen ae ree eee ee Nilo 

Bay oheates titransverseiaiameten a aan ile enn int en eer 4.8 
Myyanteroposteniondiametera anny heer tee eee enn mare n ian Dy) 
Mu, greatest transverse diameter of trigonid portion................. OFS 
Moesanteropostenonidiameteran ae eeer ener erie eee 9.8 


CANIS ANDERSONI, Nn. sp. 


Type specimen no. 12249, Univ. Calif. Col. Vert. Palae., from 
the asphalt beds of Rancho La Brea near Los Angeles, California. 

This species is represented by a young adult skull of a small wolf 
with a much smaller and also relatively broader skull than C. or- 
cutti, hough this specimen represents a young individual it 
differs so much in form from all the other known species in this 
region that it seems necessary to refer it to a distinct specific 


group. 
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MEASUREMENTS 
No. 12249 
Length from anterior side of premaxillaries to posterior side of occipital 
CON CHV eS RARE MM NPA IRONED Mera Sick gl aye CelR grata ck UA CMR Raat att Cal 166.1 mm. 

Witdithtacrossyzymomatichanchesmenr airy aceon intel ive ctineeniay er ypeeeteyeis 91 
Widéhilbe tween outemsidesroltnitocones Ofsbeanma neil eae ae 56 
Least width between superior borders of orbits..................... 31.9 
Width between postorbital process of frontals....................0- 38.2 
Length, posterior side of superior canine to posterior side of M?....... a, 64.5 
Wenethwantenonsideros Ea to) postenionisideon Messner ares see see Be, S59 

Pawan tcLOopOstenonalametelna mmr serine rrr its sie islet space 20 

IPE. NINES ACROSS [OATS onducoooddossosessase Her EER Ata ste (ots 


a, approximate. 


CANIS OCCIDENTALIS FURLONGI, Nn. var. 


Type specimen no. 11283, Univ. Calif. Col. Vert. Palae., from 
the asphalt beds of Rancho La Brea near Los Angeles, California. 

There are in the Rancho La Brea collections several fragmentary 
specimens representing a wolf considerably smaller than the small- 
est individuals of Canis indianensis type, and evidently represent- 
ing a form closely related to the existing North American timber 
wolves. In the details of structure the teeth are, however, dis- 
tinguishable from those of the living forms. 

In the type specimen, which is a right maxillary with the molars 
and carnassial, the anterior region of the palate seems relatively 
narrow, though perhaps not narrower than in the existing species. 

The superior carnassial is massive and the deuterocone seems to 
have been small. On M! the hypocone is much larger than in 
C. indianensis and has approximately the same size as in C. pam- 
basileus. The anterior end of the hypocone cusp is extended 
around the anterior side of the protocone as a faint ridge, instead 
of being interrupted on the antero-internal portion of the tooth as 
in C. indianensis. M7? is rather narrow anteroposteriorly; the meta- 
cone is small and the hypocone seems also to be relatively small. 

In a fragment of a lower jaw accompanying specimen 11283 the 
carnassial possesses an exceedingly weak metaconid, while the ento- 
conid is slightly larger than in the average specimen of C. indianen- 
sis. The metaconid is even weaker than in C. indianensis and 
approaches the relative size seen in a specimen of C. pambasileus 
available. On Mz the protoconid seems slightly smaller and the 
heel portion relatively larger than in C. indianensis, though the 
metaconid is relatively small compared with the hypoconid. The 
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proportions of the talonid region with reference to the trigonid por- 
tion of the tooth are much as in the Recent wolves. 

In another specimen (no. 10733), of nearly the same dimensions, 
from this locality the hypocone of M! is smaller than in specimen 
11283, though larger than in the typical C. indianensis. The an- 
terior extension of the hypocone ridge around the anterior side of 
the protocone is also interrupted as in C. indianensis. M2? is in 
this specimen of the narrow form with small metacone and hypo- 
cone as in no. 11283. P® differs from the corresponding tooth of 
C. indianensis in being very narrow instead of wide posteriorly, and 
in the almost entire absence of a posterior basal tubercle behind the 
posterior cusp. The portion of the palatine region represented 
suggests narrowing anteriorly. This specimen almost bridges the 
gap between the C. occidentalis and the C. indianensis types but 
is nearest to C. occidentalis furlong. 


MEASUREMENTS 

No. 11283 No. 10733 
Length, posterior side of superior canine to posterior side M?.... 81.5 mm. 
Wength,antenonsides aaitomposteronicic ence gmt emer 44.7 
Lex, AUANRSTOV NORA CHANNATA?, Goce sodadddlocooovccdbv0bacgde 23.6 24 mm. 
M1}, anteroposterior diameter along outer border............. 16 IS) 
Mevoreatestitransverselaiametel nein inerrant: tenet 19.3 18 
M?, anteroposterior diameter along outer border............. 8 8.2 
IMeNereatestitnanS versed lance lyri iene ant erie ae 10.8 10.5 
Width, from outer side of alveolus of M! to median line...... 39 SU ol 
Width, from outer side of alveolus of P! to median line....... 18 
Miganiteropos tenon diameter ay heme een errr enn ener ee 27 
Mu, thickness measured across protoconid.................. ies) 
Meyanteropostenotidiametet an seer earn nt err ener 11 


LYNX CALIFORNICUS FISCHERI, n. Var. 


Type specimen no. 11287, Univ. Calif. Col. Vert. Palae., from 
the asphalt beds of Rancho La Brea near Los Angeles, California. 

Two small cats of the Felis type are represented in the asphalt 
fauna by lower jaws. One specimen closely resembles in all of its 
characters Lynx californicus found at the present time in Southern 
California. In another form which is made the type of the new 
variety, fischeri, the jaw has about the same length as in the living 
species but is much more slender and the carnassial is somewhat 
larger. As yet no complete skeleton material of this form has been 
obtained. 


NEW MAMMALIA FROM RANCHO LA BREA 731 


MEASUREMENTS 


No. 11287 
Length, posterior side of canine alveolus to posterior side of Mi........ 33.9 mm. 
Mimancero postenloralametenncian wy hipssvieiasieleielclanc tts) a'=1a) <5 ahs! chess 11.2 
Height/of mandible below protoconid of My.-.°.....:-.......-...... 12.2 
Thickness of mandible below protoconid of Mi..................-006- 7.5 


Issued Fanuary 31, 1910 


NOTE ON A GIGANTIC BEAR FROM THE 
PLEISTOCENE OF RANCHO LA BREA 


riTH the exception of a single tooth obtained by the writer 
during his first examination of the Los Angeles asphalt 
beds in 1906, no remains representing the bear family are 
known to have been obtained from Rancho La Brea until very 
recently. A few months ago Mr. Guintyllo, Assistant in Palaeon- 
tology at the University of California, called the attention of the 
writer to a small collection of foot-bones representing a gigantic 
bear, obtained by Mr. Eugene Fisher during the excavation work 
carried on for the University of California at Rancho La Brea. 
As the bones which have recently come to light seem to represent 
an animal of the same type as that suggested by the tooth found 
some years ago, it seems desirable to place on record the information 
available. 

The tooth (figs. 1 and 2) obtained in 1906 is a very large lower 
canine, differing decidedly from the canine teeth of the carnivore 
species thus far described from Rancho La Brea. It is of extra- 
ordinarily large size, exceeding in dimensions the inferior canines of 
Felis atrox bebbi (the enormous lion of Rancho La Brea), 4rctothe- 
rium simum (the cave bear of Northern California), and the gigantic 
Recent Alaskan bears. The crown of the tooth is short and thick, 
and the curve of the posterior border is more sharply marked than 
in most forms. It is thicker transversely and more strongly concave 
posteriorly than in Felis atrox bebbi. In general the crown re- 
sembles that of the bears more closely than any of the other groups. 
The sharpness of the bend in the middle of the posterior border 
suggests Arctotherium simum, but the tooth seems slightly larger 
and less slender than in that form. In the relative shortness and 
thickness of the crown it resembles some of the large Alaskan species 
of Ursus, but is larger and less concave posteriorly than in the 
species at hand for comparison. ‘The tooth may be referred ten- 
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tatively to Arctotherium, as it approaches this genus more closely 
than to other forms. 
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Fics. 1 anp 2. Arctotherium californicum. Inferior canine tooth, no. 10600. X 4. 
Fig. 1, outer side; fig. 2, inner side. 

Fic. 3. Arctotherium californicum. Metacarpal elements. Type specimen, no. 17754. 
X 2 


The foot-bones available for study consist of metacarpals 1, 3, 4 
and 5, and the pisiform. They exceed considerably in size the very 
largest known specimens of 4rctotherium simum from Potter Creek 
Cave, California; and are also much larger than the largest speci- 
mens of the Recent Alaska bears available for study. In all ele- 
ments present the form is nearer to that of Arctotherium than it is 
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to that of Ursus, and the type seems definitely referable to 4rcto- 
therium. This individual differs from all of the specimens of 
Arctotherium simum available for study in the greater width and 
general robustness of the metacarpal elements. This is particularly 
true of metacarpal four, in which the shaft is relatively very wide, 
and shows but little median constriction. The rugosities on all of 
the elements are very pronounced, indicating that this individual 
was probably in advanced age. 

Even when the element of age is taken into consideration, it 
seems improbable that this form could be classed in the same 
specific group with drctotherium simum, of which no specimens in 
the collection from Potter Creek Cave are found to approach the 
Rancho La Brea form in size and robustness. 

The tooth and foot specimens were obtained from two localities 
so far apart that there can be no possible suggestion that they repre- 
sent the same individual. As both specimens have the characters 
of Arctotherium, and both represent an extraordinarily large and 
robust form, it is desirable for the present to refer to the Rancho 
La Brea type as a distinct species, which may be known as 4rctothe- 
rium californicum. The elements of the foot, no. 17754, are taken 
as the type of the species. | 

Like the lion of Rancho La Brea, the bear described above repre- 
sents one of the largest and most powerful known carnivores of 
Pleistocene time. The measurements of the specimens available 
are as follows: 


Meracarpats, No. 17754 


Metacarpalilvoreates tilene Chinen ariniEiei is an ree eee eee 86.8 mm. 
Mictacarpalulllilorcatestalenot ha aenennnn nen aris ere ener 126.7 
Metacarpalyllll leastitransverseldiameter ofshattea see eran ae 18.7 
MetacarpalaliVerereatestylenc Chi arrest ioe nn enna eee 130.5 
Metacarpall TV leas tuwrd hiss vi ales SGN ANON OEY Nn eye ae 23). 
MetacanpalaVeyoneatestilenp.thy sar nein nia rt eee en ere 130.2 
INFERIOR Canine, No. 10600 

Distance from tip of crown to base of enamel on posterior border........ 47.3 mm. 
Anteroposterior diameter of crown 35 millimeters below tip.......... 26.8 
Transverse diameter of crown 35 millimeters below tip............... 21.4 


A single metapodial from the collections obtained at Rancho La 
Brea resembles in form and dimensions the corresponding bone of 
Arctotherium simum from Potter Creek Cave. 


Transmitted February 1, 1911 


THE FAUNA OF RANCHO LA BREA 
PART I. OCCURRENCE 


INTRODUCTION 


prehistoric life on the North American continent, the lo- 
cality at Rancho La Brea furnishes one of the most nearly 
complete pictures of the fauna of a given region at a given period 
that has thus far been obtained. When all of the data have been 
gathered through intensive study of this field, and when the facts 
thus assembled have been interpreted, we shall have gone far 
toward reaching an understanding of the biologic and climatic 
conditions obtaining in the Los Angeles region during one phase 
of Pleistocene time. So significant do the results of a study of 
this fauna appear in relation to the general problem of the Pleisto- 
cene, that it seems desirable to bring together the conclusions ob- 
tained in work on all phases of the assemblage of life forms here 
represented. 

Since receiving the first specimens from Rancho La Brea, in 
December, 1905, the Department of Palaeontology at the Uni- 
versity of California has been almost continuously engaged in a 
study of this most alluring field. Some of the results obtained have 
already been presented in brief papers by J. F. Bovard, L. H. Miller, 
W. P. Taylor, and the writer. Other articles based on material 
furnished by the University have been written by Wm. J. Sinclair 
and by Fordyce Grinnell. The present paper is the first of a series 
of publications in which it is planned to present in full the results of 
work on all of the groups represented in the Rancho La Brea fauna. 
It is not to be presumed that all of the facts relating to any of the 
groups discussed are yet discovered, and the writing of the last word 
on the Rancho La Brea fauna will probably fall to investigators of 
alater generation. It is, however, hoped that at this present stage 
of progress a considerable number of the principal items of infor- 


O F THE numerous occurrences of animal remains representing 


Memoirs of the University of California, vol. 1, no. 2, pp. 197-213, pls. 19-23, November 
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mation may be brought together; and that from these we may 
construct at least the foundation for more extensive work such as 
naturally follows any initial investigation. 

In studying the fauna obtained from the Rancho La Brea Beds 
the writer has been assisted by many persons who have been in- 
terested in the work. Particular acknowledgment is due to Madam 
Hancock Ross and to Mr. Allan Hancock for their courtesy in 
permitting the University to carry on its excavations in this in- 
teresting field. To Mr. F. M. Anderson and Mr. W. W. Orcutt 
the writer is indebted for the original information which led to so 
many discoveries. Mr. Anderson presented his first collection to 
the University, and Mr. Orcutt permitted the use of his material 
for study. 

Excepting a small part of the expense, which has been met from 
other funds, the financial support of the work has been generously 
furnished by Miss Annie M. Alexander, whose personal interest 
in the progress of the investigation has also been an important fac- 
tor in the advancement of the work. 

Dr. William Bebb of Los Angeles most generously presented to 
the University the first specimen of the gigantic lion found in the 
asphalt, and has kindly permitted the use of several important 
specimens of rodents in his collection. 

In the course of the work Dr. Ralph Arnold, Mr. W. W. Orcutt, 
and Mr. A. E. Preston have greatly assisted in the interpretation of 
the geologic relations of the asphalt beds. 

During the last year’s work Mr. L. H. Miller assisted in every 
way possible in the direction of the excavations, and has contrib- 
uted a considerable number of valuable specimens to the Uni- 
versity. Mr. E. L. Furlong brought together some of the most 
valuable collections in the first two years of work, and also prepared 
and mounted many of the specimens. Mr. E. J. Fischer efficiently 
carried on the work of collection for approximately a year, and has 
presented several specimens obtained by him before his connection 
with the University. Dr. C. O. Esterly of Occidental College and 
Dr. F. C. Clark of the Pacific College of Osteopathy have both 
assisted very generously through loan and gift to the University of 
valuable specimens needed for study. 

In bringing together such information relating to the Los Angeles 
asphalt beds as could be obtained from the notes of early explorers, 
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the writer has been much indebted to Professor Frederick J. Teg- 
gart and Mr. Porter Garnett for information indicating that the 
Rancho La Brea locality may have been visited by Gaspar de 
Portola. 

In connection with the study of special divisions of the fauna 
considered in later parts of this series of publications, the writer 
has been grateful for many courtesies extended. Acknowledgment 
of such services properly appears with a discussion of the materials 
especially concerned, and is reserved for mention in other parts 
of the series. 


University OF CALIFORNIA, 
May 16, 1911 


HIsTORICAL 


The extensive asphalt beds occurring at Rancho La Brea, on 
the western border of the city of Los Angeles, have been known 
for many years as one of the most interesting of the numerous bitu- 
men deposits of the state, and have attracted the attention of many 
investigators concerned with the geology of this region. 

The earliest description of bituminous deposits in the Los Angeles 
region known to the writer is found in the narrative of the Portola 
Expedition,! written in 1769. In the account of the region tra- 
versed, mention is made of springs of pitch, which were observed 
at a stage in the journey when the party must have been in the 
vicinity of Rancho La Brea. While it is not possible to make 
certain of the exact location of the pitch springs described, a study 
of the route followed gives good reason for suspecting that the 
locality was actually Rancho La Brea. 

Tar pools in the vicinity of Los Angeles were mentioned by Blake? 


1 Diary of Gaspar de Portola during the California Expedition of 1769-70. Edited by 
Donald Eugene Smith and Frederick J. Teggart. Publ. Acad. Pacif. Coast Hist., vol. 1, 
p. 53, October, 1909.—“‘The 3rd (August 3, 1769), we proceeded for three hours on a good 
road; to the right of it were extensive swamps of bitumen which is called chapapote. We 
debated whether this substance, which flows melted from underneath the earth, could occa- 
sion so many earthquakes.” Also mentioned in Diary of Miguel Costansé, Portola Expedi- 
tion of 1769-70. Edited by Frederick J. Teggart. Publ. Acad. Pacif. Coast Hist., vol. 2, 
p. 183, August, 1911. 

* Blake, W. P., Pacific Railway Reports, vol. 5, Geological Report, p. 76, 1857. 
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in his geological report included in the Pacific Railroad Survey, 
though it is not clear that he referred particularly to those at 
Rancho La Brea. Blake’s statement is as follows: 


There are several places in the vicinity of the city (Los Angeles) where bitumi- 
nous or mineral pitch rises from the ground in large quantities. These places are 
known as tar springs, or pitch springs, and some of them form large ponds or lakes. 
One of the springs was passed on our way to the city, and was near the outcrop of 
bituminous shale in the banks of the creek already described. This spring was 
nothing more than an overflow of the bitumen from a small aperture in the ground, 
around which it has spread on all sides, so that it covers a circular space about 
30 feet in diameter. The accumulated bitumen had hardened by exposure and 
its outer portions were mingled with sand, so that it was not easy to determine its 
precise limits. It formed a smooth, hard surface like a pavement, but toward the 
center it was quite soft and semifluid, like melted pitch. The central portion of 
the overflow was higher than its margin; and it was evident that all the hard por- 
tion had risen in a fluid state and by the heat of the sun had been gradually spread 
out over the surface; at the same time being constantly exposed to dust, it had be- 
come so thoroughly incorporated with it that the compound had all the con- 
sistency of an artificial mixture. 


In 1865 J. D. Whitney, then state geologist, in writing his report 
on the general geology of the Los Angeles region, gave a brief 
discussion’ of the asphalt exposures and tar pools. He referred in 
his report to the “‘very large amount of the hardened asphaltum 
mixed with sand and the bones of cattle and birds which have 
become entangled in it,’ but did not state that the remains were 
those of extinct forms. Whitney’s discussion of these beds appears 
in the succeeding paragraph: 


About seven miles due west of Los Angeles is the most important of the numer- 
ous tar-springs seen in this vicinity. It is from here that most of the asphaltum 
used in the town is obtained. Over a space of fifteen or twenty acres, the bitu- 
minous material (which when seen by us, in the winter, had exactly the consistency 
and color of tar) was oozing out of the ground at numerous points. It hardens on 
exposure to the air, and becomes mixed with sand and dust blown into it, and is 
then known as “‘brea.”’ The holes through which the bitumen comes to the sur- 
face are not large, few being more than three or four inches in diameter. On 
removing the tarry substance from the holes, by repeatedly inserting a stick, the 
empty cavity was very slowly filled up again. At one place there was a pit several 
yards square, and six or eight feet deep, from which the tar had been taken; but 
it was filled with water, at the time of our visit, in consequence of late heavy 


3 Whitney, J. D., Geol. Surv. Calif., Geology, vol. 1, pp. 174 and 175, 1865. 
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rains.,.. A very large amount of the hardened asphaltum, mixed with sand 
and the bones of cattle and birds which have become entangled in it, lies scattered 
over the plain. 


As nearly as can be determined, the first published statement in 
which reference was made to the fossil remains entombed in the 
asphalt at Rancho La Brea is the following issued by William 
Denton! in 1875: 


The locality is known as Major Hancock’s Brea Ranch, and is about eight miles 
west of Los Angeles, in the valley of the Santa Anna. The bed of asphaltum here 
covers sixty to eighty acres, and at a depth of thirty feet no bottom has been 
reached. Thousands of tons have been removed for roofing, paving and com- 
bustion, but the supply is almost inexhaustable. 

Major Hancock had about twenty-five Chinamen employed in digging out the 
best of the asphaltum, which is soft enough to agglutinate in the heat of the sun. 
The material was conveyed to large, open iron boilers, in which it was boiled for 
twenty-four hours, and then run into sand molds; subsequently it was broken up, 
for it is quite brittle after being thus boiled, carted for nine miles and shipped to 
San Francisco, where it was sold for twenty dollars a ton for making asphalt pave- 
ment. The bed is about three miles south of the Santa Monica range of moun- 
tains, and it appears to lie parallel with them. 

Beds of petroleum shale of tertiary age, having in many places a thickness of 
about two thousand feet, are to be found along the California coast, and at some 
distance in the interior; they are said, by Professor Whitney, to extend from Cape 
Mendocino to Los Angeles, a distance of about four hundred and fifty miles. They 
are exposed in cliffs on the coast near Santa Barbara and Carpinteria, and other 
places. This shale, there is good reason to believe, is the deposit from which all 
the asphaltum of California has been derived. 

Although this shale is not exposed in the vicinity of the Brea Ranch, it is ex- 
posed in various localities at but a short distance, and doubtless underlies the 
asphaltum deposit, for hundreds of “tar-springs” exist in the vicinity, from which 
the material is still flowing over the surrounding locality, the springs being in some 
cases elevated, by its deposition around them, several feet above the surrounding 
level. 

Major Hancock presented me with what I found to be a canine tooth of a 
Machairodus, a great saber-toothed feline. It was found at the depth of fifteen 
feet in the asphaltum. The tooth is nine and a half inches in length, measured 
along the curve, and the breadth of the crown at the base is an inch and three- 
quarters, being larger than any tooth of the European Machairodus, whose meas- 
urement I have been able to find. The crown of the tooth is broken, and its entire 
length could not have been less, I think, than eleven inches. The tooth from the 
Val d’Arno, in Italy, referred to by Falconer in his Palaeontological memoirs, meas- 
ures eight and one-half inches in length, and the breadth of the crown at the base 
is one and one-half inches, while the tooth found by McEnery in Kent’s Hole, 


* Denton, Wm., Proc. Boston Soc. Nat. Hist., vol. 18, p. 185, 1875. 
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England, is six inches in length, and one and one-fifth inches in breadth. The 
California tooth is closely serrulated on both the concave and convex sides. It 
seems to have been exposed to the action of the elements for a long time, and 
contains a number of fractures, some of which have been united by the asphaltum 
in which it was imbedded. 

I obtained a number of teeth of the fossil horse, and bones of the deer, a large 
bovine animal, the otter, seal, albatross, and other animals. I found near the pit 
a portion of the right upper jaw of the fossil horse, containing four molar teeth, 
or three premolars and one true molar. The first premolar is smaller in proportion 
to the size of the other teeth than those of the recent horse, judging by several 
with which I have compared it, and smaller than those of the fossil horse of India. 
It is but one inch in length, and three-quarters of an inch in breadth; but the 
other three teeth are larger than the average of the recent horse. The Machai- 
rodus tooth, with several from the fossil horse, were exhibited. 

Denton considered the asphalt to be derived from petroleum 
shales of Tertiary age which were known to be exposed at localities 
near by, and were presumed to lie beneath the asphalt deposits. 
Evidence of this was found in the presence in this region of hun- 
dreds of tar springs from which the tar was still flowing over the 
surrounding areas, the springs being in some cases elevated to a 
height of several feet above the normal level of the ground by depo- 
sition of bituminous material. 

The first fossil specimen from the asphalt mentioned by Denton 
is a canine tooth of a large saber-tooth cat, the tooth having been 
presented to him by Major Hancock. The presumption is there- 
fore that Major Hancock was the first person to take particular 
notice of the fossil remains in the asphalt. 

The saber-tooth canine was stated to have been found at a depth 
of fifteen feet in the asphaltum, so that no question could arise as 
to its belonging in the asphalt formation. This tooth was com- 
pared with Machairodus of Europe, but seemed to represent a larger 
animal. 

Denton also obtained bones and teeth of a fossil horse, and bones 
considered to represent the deer, a large bovine animal, the otter, 
seal, albatross, and other animals. 

As nearly as can be determined, no other investigator seems to 
have followed up the work of Denton, which was quite forgotten; 
and for many years past the great quantities of bones scattered 
about the refuse heaps, and exposed in the old quarries, have been 
considered as representing nothing more than remains of domestic 
and other animals of this region, which had been trapped in the 
tar in comparatively recent time. 
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During the past twenty years the writer has heard frequent men- 
tion of bones present in the asphalt deposits, but has always been 
assured that the remains were unquestionably those of Recent 
animals, mainly cattle and horses which had been mired in the tar. 

So far as the writer has been able to learn, since the discovery by 
Denton, Mr. W. W. Orcutt of Los Angeles was the first person to 
recognize the remains at Rancho La Brea as evidently fossils, or as 
belonging to a geological period preceding the present. In Decem- 
ber, 1905, Mr. F. M. Anderson visited the Rancho La Brea beds 
with Mr. Orcutt, and procured a number of fragmentary specimens, 
including a portion of a saber-tooth skull, several teeth of the great 
wolf, and a number of dermal ossicles of a ground-sloth. These 
specimens Mr. Anderson very kindly placed at the writer’s dis- 
posal. Realizing the importance of the discovery, the locality was 
visited by the writer, in company with Dr. Ralph Arnold and 
Mr. A. E. Preston, soon after seeing Mr. Anderson’s material. 
With the assistance of Dr. Arnold and Mr. Preston a small collec- 
tion of typical specimens was brought together. It was upon this 
material, together with that presented by Mr. Anderson, that the 
first descriptions of remains obtained from these deposits were based 
by the writer.® 

Some months after the first visit, the field was examined again by 
the writer under the guidance of Mr. Orcutt, who furnished much 
valuable information concerning the geologic relations of the re- 
gion. Regular collecting was begun soon after this, and has been 
carried on by the University of California since 1906. The total 
amount of field work aggregates about fifteen months of continuous 
excavation. 

Immediately after the first specimens from Rancho La Brea had 
been examined by the writer, application was made to the owner of 
the property for permission to carry on excavations for scientific 
purposes, and Madam Hancock Ross very graciously allowed the 
University to take up the work at that time. 


DESCRIPTION OF THE [TYPE LOCALITY 


The fossiliferous asphalt deposits for which the name Rancho 
La Brea Beds has been used were so designated from their occur- 


’ Merriam, J. C., Science, n.s., vol. 24, p. 248, 1906. See also Bovard, J. F., Univ. Calif. 
Publ. Bull. Dept. Geol., vol. 5, p. 157, 1907. 
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rence at Rancho La Brea, on the western side of the city of Los 
Angeles. The exact situation of the typical locality is as follows: 
SW 4, sec. 21, T. 1S, R. 14 W, San Bernardino Base and Meridian. 
At this place excellent exposures are seen within a radius of a few 
hundred yards of a small lake near the old Hancock ranch house. 
The best exposures are found in the banks bordering several ex- 
tensive open cuts made by Major Hancock many years ago in 
excavating asphalt for commercial purposes. The lake or lagoon 
and several small ponds in the vicinity occupy depressions formed 
in mining asphalt. The work done by Major Hancock in exposing 
extensive areas of the brea beds, and thus making them easily ac- 
cessible for examination by geologists and palaeontologists, has 
been in a large measure contributory to the advancement of our 
knowledge of this region, as otherwise the fossil-bearing beds might 
easily have escaped notice. 

The Rancho La Brea Beds lie in a wide stretch of slightly rolling 
country immediately to the south of the abrupt southern slope of 
the Santa Monica Range. The typical exposures are situated 
about two and one-half miles from the southern base of the range, 
and are about two hundred feet below the level from which the 
mountains rise abruptly. 

In the region immediately about the type locality asphalt is 
exposed in many places, and is evidently only a short distance be- 
low the surface over an area at least as large as that in which it 
actually outcrops. At many points in this region tar springs or 
seeps pour out considerable quantities of bituminous material. 
The flow from these seeps is fairly regular in some cases, but at 
other points more or less irregular exudation occurs through small 
crater-like vents. The phenomena of extravasation of bituminous 
products are seen to best advantage in the immediate vicinity of 
the lagoon or lake, where tar springs and tar seeps are readily dis- 
covered. In addition to the outflow of the heavier substances, 
large quantities of gas may be observed coming up through the 
water of the lake in great bubbles. 

Estimates of the probable extent of the territory in which asphalt 
beds lie at or near the surface have been made by several persons 
familiar with this region. The approximations range from about 
a square mile down to one-fourth of a square mile. The prob- 
abilities seem in favor of making the estimate too low rather than 


too high. 
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NATURE AND ORIGIN OF THE RancHo LA Brea BeEpDs 


The formation in which the fossil bones occur at Rancho La 
Brea is essentially an alluvial accumulation consisting mainly of 
beds of clay, sand, and asphalt. In some places bedding planes are 
quite distinctly shown, especially in the clay or sand strata. At 
other localities the deposit has been irregular or in pockets, and 
minor local movements of the asphalt or clay masses have possibly 
increased the irregularity of the beds. The asphalt may occur as 
a nearly pure bituminous deposit, though it is usually mixed with 
sand, clay, or other materials. In some places it appears as fairly 
definite strata, while at other points it has irregularly impregnated 
beds of sandy or clayey material, and no definite bedding is shown. 

The thickness of the asphalt deposits containing bones has not 
been determined, but these beds probably extend considerably 
deeper than the lowest levels yet reached. A depth of at least 
thirty feet is recorded for the work carried on by Major Hancock, 
and nearly the same horizon has been attained in recent excava- 
tions. 

The formation in which the asphalt appears has been penetrated 
by the wells in the Salt Lake Oil Field immediately to the north 
of the principal brea outcroppings, and seems also to be a part of 
a series of beds comprising a considerable thickness of sand and 
clay strata exposed in the hills immediately to the south. The 
well records of the Salt Lake Field, as described by Arnold,* indi- 
cate the presence of Pleistocene strata from fifty to one hundred 
feet in thickness overlying the Tertiary formations in which the 
main oil-bearing beds are found. The Pleistocene section pene- 
trated by the oil wells comprises alluvium, clay, coarse sand, gravel, 
and asphalt, the deposits being apparently all of fresh-water or 
alluvial origin. Asphalt is well represented down to the bottom 
of the Pleistocene portion of the section. 

The formation exposed in the low, flat ridges immediately to the 
south of Rancho La Brea is apparently a part of the series repre- 
sented by the fossil-bearing strata at Rancho La Brea and by the 
Pleistocene penetrated in the oil wells of the Salt Lake Field. The 
ridges south of the fossil beds are considerably eroded and ter- 
raced, and it is to be presumed that the erosion which is indicated 


6 Arnold, R., U. S. G. S. Bull. no. 309, p. 187, 1907. 
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occurred in Pleistocene time. It is therefore probable that the 
fossiliferous beds now exposed at Rancho La Brea were at one time 
covered by many feet of strata, which have been removed by ero- 
sion inaugurated before the beginning of the Recent epoch. 

Geologists who have made a study of this region are generally in 
agreement that the asphalt of Rancho La Brea originates in the 
shale formations which underlie the Pleistocene beds. According 
to Arnold, Orcutt, and others who have made a special examina- 
tion of the conditions in the area west of Los Angeles, the Fer- 
nando formation, which immediately underlies the Pleistocene beds 
of the Salt Lake Oil Field, is in this region compressed into a fold, 
and there are reasons for considering that the crest of this fold is 
more or less irregularly broken, thus offering an unusual oppor- 
tunity for the escape of bituminous substances at this place. The 
seepage of oil and tar has presumably been in progress almost con- 
tinuously during the whole period of formation of the Rancho La 
Brea Beds. The asphaltum deposit which has formed represents 
the residuum left after evaporation of the more volatile portions of 
the oil. In accordance with slightly varying conditions of deposi- 
tion, the supply of asphalt has at times been relatively abundant 
enough to form the greater part of the accumulation; at other times 
it has sufficed only to make up a small fraction of the material being 
heaped up in this place. 

In the earlier stages of deposition of the Pleistocene formation the 
quantity of oil reaching the surface would presumably be larger 
than in the later periods, when the thick accumulation of beds, 
consisting in part of asphalt, would tend to prevent the escape of 
bituminous substances coming up from the lower formation. Dur- 
ing the later stages of accumulation, as at the present time, it is 
evident that in addition to slow seepage through the mass, a part 
of the oil and gas reached the surface through fairly defined chan- 
nels or pipes. Through passageways of this nature, which are 
common at Rancho La Brea, the movement of masses of tar 
may take place spasmodically, the holes being apparently empty 
at times, and on other occasions discharging voluminously. 

The mode of accumulation of the deposit is pretty clearly illus- 
trated by the conditions now obtaining in the vicinity of Rancho 
La Brea. This region is at the present time a comparatively level 
country bordered on the northern side by the Santa Monica Range, 
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which rises abruptly to an elevation of about twelve hundred feet 
above the plain. The lowlands are traversed by a few drainage 
lines along which detritus is carried from the Santa Monica Range, 
or from the lower hills, to the east and south. At a number of 
localities the drainage is so balanced that water easily accumulates 
to form marshy spots. Tar seepages are common, and lenses of 
asphalt of irregular shape and thickness are continuously forming. 

The relation of the formation containing the mammalian fauna 
at Rancho La Brea to the marine Pleistocene beds of the San 
Pedro Series’ occurring only a few miles to the south is not as yet 
entirely clear. From Arnold’s investigations it would appear that 
the alluvial or fresh-water Pleistocene of the Salt Lake Oil Field 
is nearly continuous with marine beds of upper San Pedro age. As 
the Rancho La Brea Beds are, so far as known, an alluvial accu- 
mulation, they are presumably not perfectly continuous with the 
marine San Pedro, though an oscillating shore line might cause the 
interdigitation of marine and alluvial lenses, or estuary conditions 
might give a gradation from fresh-water to marine beds. That 
the shore line changed its position somewhat during the deposition 
of the San Pedro Series is evidenced by the unconformity between 
the upper and lower members of this series, and by the varying 
nature of the deposits of the Upper San Pedro. The unconformity 
between the upper and lower divisions indicates considerable crustal 
movements. 

A suggestion as to the relative age of the Rancho La Brea and 
San Pedro beds is perhaps to be obtained by consideration of pos- 
sible relationship of the crustal movements which have affected 
the two groups of deposits. The series of strata at Rancho La 
Brea and in the Salt Lake Oil Field is presumably derived in a large 
measure from erosion of the Santa Monica Range immediately to 
the north. The abrupt southern slope of this range can hardly be 
explained on any hypothesis other than that it represents a fault- 
scarp. In the Salt Lake Oil Field the Pleistocene alluvial beds 
consist in general of coarser materials below and finer above, show- 
ing a gradual adjustment of accumulation to conditions somewhat 
similar to those obtaining at the present time. Excepting the 
Recent alluvium, no series of beds later than those in the Pleisto- 


7 Arnold, R., Mem. Calif. Acad. Sci., vol. 2, 1903. 
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cene section penetrated by the oil wells has been observed in the 
immediate vicinity, and it is to be presumed that these Pleistocene 
beds represent the accumulation following the last important move- 
ment along the fault bordering the southern side of the Santa Mon- 
ica Range. In view of the fact that the topography of this range is 
considered to indicate the completion of the faulting movement at 
no very remote date, it is not improbable that one of the last move- 
ments occurred in the period of local changes which were taking 
place during the deposition of the San Pedro, or at the close of that 
time. It is true that important movements have occurred in this 
region of the coast since the deposition of the San Pedro Series, as 
is evidenced by the prominent coastal terraces which have cut 
sharply into the San Pedro. Terraces of importance crossing a 
formation apparently not to be distinguished from the Rancho La 
Brea Beds have also been referred to as occurring in low hills 
south of the Salt Lake Oil Field. These movements have, however, 
been largely of an epeirogenic character. They do not appear to 
have been accompanied by local faulting, and may not have 
changed the tectonic relations of the formations at San Pedro and 
in the vicinity of the Santa Monica Range. 


Mope or ACCUMULATION OF THE FossiL REMAINS 


The accumulation of the remains embedded in the fossil beds at 
Rancho La Brea, as also their assembling in the greater number of 
the asphalt deposits of southern California, has evidently been 
controlled by conditions differing largely from those which have 
produced other kinds of fossil deposits. In the excavation work 
which has been carried on at Rancho La Brea up to the present 
time, though a considerable variety of deposits has been encoun- 
tered, the fossil bones are found to be almost entirely confined to 
beds which are either pure asphalt or consist of some other material 
impregnated with tar. When pure sand or clay is present without 
a tar impregnation there is a conspicuous absence of skeletal re- 
mains. While it is possible that some of the impregnated strata 
may have received their bituminous content since the bones were 
deposited, the facts of occurrence seem to indicate quite clearly that 
the presence of tar is the condition which has controlled the accumu- 
lation of skeletal remains. 

The manner in which tar or asphalt pools may catch unsuspecting 
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animals of all kinds is abundantly illustrated at the present time in 
many places in California, but nowhere more strikingly than at 
Rancho La Brea itself, where animals of many kinds have been 
frequently so firmly entrapped that they died before being dis- 
covered, or if found alive were extricated only with the greatest 
dificulty. As seen at this locality, the tar issuing from springs or 
from seepages is an exceedingly sticky, tenacious substance which 
is removed only with the greatest difficulty from the body of any 
animal with which it may come in contact. Small mammals, birds, 
or insects running into the soft tar are very quickly rendered help- 
less by the gummy mass, which binds their feet, and in their strug- 
gles soon reaches every part of the body. Around the borders of 
the pools the tar slowly hardens by evaporation of the lighter 
constituents until it becomes as solid as an asphalt pavement. 
Between the hard and the soft portions of the mass there is a very 
indefinite boundary, the location of which can often be determined 
only by experiment, and large mammals in many cases run into 
very tenacious material in this intermediate zone, from which they 
are unable to extricate themselves. 

Judging from reports of the earliest observers who examined the 
tar seeps at Rancho La Brea, some of the pools were many feet in 
diameter in their natural state, and might easily in the course of 
years have caught a great number of even the largest mammals. 

In the natural accumulation of remains at the tar pools through 
accidental entangling of animals of all kinds, it is to be presumed 
that a relatively large percentage of the individuals entombed 
would consist of young animals with insufficient experience to keep 
them away from the most dangerous places, or with insufficient 
strength to extricate themselves. There would also be a relatively 
large percentage of old, diseased, or maimed individuals that lacked 
strength to escape when once entangled. In the census of remains 
that have been obtained up to the present time the percentages of 
quite young, diseased, maimed, and very old individuals are cer- 
tainly exceptionally large compared with what has been seen by 
the writer in average collections of remains of similar animals accu- 
mulated under other conditions. 

In addition to the natural accumulation of animal remains 
through the entangling of creatures of all kinds by accidental en- 
countering of the tar, it is apparent from a study of the collections 
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obtained that some extraordinary influence must have brought car- 
nivorous animals of all kinds into contact with the asphalt with 
relatively greater frequency than other kinds of animals. In all 
the collections that have been examined the number of carnivorous 
mammals and birds represented is much greater than that of the 
other groups. A rough census of the University of California 
mammal collection from Rancho La Brea shows more representa- 
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Fic. 1. A small area of asphalt in process of excavation, showing the skeletal 
remains before they had been completely uncovered. In this picture there may be 
seen the under side of the lower jaw of a horse, considerable parts of the skulls of four 
saber-tooth cats, four large wolf skulls, two coyote skulls, and many other skeletal parts 
only imperfectly exposed. 


tives of the Carnivora than there are of all the other mammalian 
orders combined. A similar proportion of carnivorous birds has 
been noted by Miller’ in the same collections. The number of 
carnivores represented is entirely out of proportion to the normal 
number of other animals present in the fauna, and is apparently to 


8 Miller, L. H., Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, p. 306, 1909. 
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be explained by a peculiar process of selection, which may be seen 
in operation about tar pools at the present time. Whenever an 
animal of any kind is caught in the tar its struggles and cries natu- 
rally attract the attention of carnivorous mammals or birds in the 
immediate vicinity, and the trapped creature acts as a most effi- 
cient lure to bring these predaceous animals into the soft tar with 
it. It is not improbable that a single small bird or mammal strug- 
gling in the tar might be the means of entrapping several carni- 
vores, which in turn would naturally serve to attract still others. 
The suggestion that struggling animals have served as a nearly con- 
tinuous lure for Carnivora seems to be the only theory by which we 
can explain the remarkable entangled masses of carnivore bones 
which have been entombed in several places. In the first excava- 
tions carried on by the University of California a bed of bones was 
encountered in which the number of saber-tooth and wolf skulls 
together averaged twenty per cubic yard. More recently in the 
excavations carried on by Occidental College a nearly circular 
depression about three feet by six feet in diameter contained thir- 
teen individuals of the saber-tooth, lion, and wolf in a depth of 
eight feet. 


STATE OF PRESERVATION AND QUANTITY OF Fossit REMAINS 


The skeletal remains obtained at Rancho La Brea vary greatly 
in the state of preservation at different horizons and at different 
places in the same bed, but in all cases the material seems to be the 
practically unaltered bone. In most localities the bones are fairly 
hard and are easily extracted from the matrix. In other places 
they are very soft and can be removed only with great difficulty. 
At still other points the enclosing asphalt is very hard and has the 
appearance of having been exposed to the sun and to weathering 
action for a long period. In these portions of the beds the bones 
can be separated satisfactorily only with the aid of chisel and 
mallet. 

As the greater number of the animals entombed in the Rancho 
La Brea Beds have been entrapped in the tar, it is to be presumed 
that in a large percentage of cases the major portion of the skeleton 
has been preserved. Contrary to expectation, connected skeletons 
are not common. Several factors have evidently combined to 
scatter the skeletal parts. In most localities the tangled mass of 
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bones shows that the tar at these points remained for a long period 
soft enough to engulf the bodies of animals, and during this time 
the struggles of each new victim tended to disturb the skeletons 
already in the pool. At times when the surface of the asphalt hard- 
ened by exposure, such bones as were uncovered may have been 
broken or perhaps completely destroyed by ungulates tramping 
over the spot. At all periods during the history of the deposit the 
viscosity of the asphalt apparently permitted considerable move- 
ments in the mass, and the individual bones were moved apart in 
the viscous layers. These movements would continue after the 
asphalt beds had been deeply buried by later accumulation, as the 
pressure of the mass above would at times cause a certain degree 
of flow in the tar beds. 

The pressure of the rock mass does not seem in general to have dis- 
torted the bones greatly. Even the skulls of large animals com- 
monly show comparatively little flattening or twisting. Where one 
bone has come to rest directly against another, the weaker or softer 
one is sometimes dented by the harder one; but where the pressure 
has been exerted through the asphalt above there has usually been 
change of position rather than change of form. 

Judging by the results of excavations carried on up to the pres- 
ent time, the quantity of animal remains entombed in the beds at 
Rancho La Brea is large. The total area of asphalt in the region, 
including all of the small outcrops, probably amounts to the larger 
part of a square mile. A considerable part of this area presumably 
contains few bones, but fragments are present in a large portion of 
the beds actually examined. In most of the prominent exposures 
at Rancho La Brea bones are generally present, though not always 
abundant. In these localities where any considerable amount of 
excavation work has been carried on they have usually been dis- 
covered in large quantities. 

The locality at which the University of California excavations 
have been carried on has shown a most remarkable mass of skeletal 
material. During the first stage of the excavations careful count 
was made of the carnivore specimens obtained, and it appeared 
that there were thirty or more skulls of Smilodon californicus, with 
fifty or more heads of Canis indianensis, in a mass comprising less 
than four cubic yards. In addition to these skulls there were nu- 
merous remains of bison, horse, sloth, coyote, birds, and other forms. 
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At nearly all points where collecting has been done the skeletal 
material is somewhat irregularly distributed, and usually appears to 
be in rather small masses or pockets. The size and shape of these 
accumulations have presumably been dependent on the nature of 
the tar pools forming about the vents through which bituminous 
material has come to the surface. 

While it is not safe to make any attempt at an estimate of the 
quantity of material represented in the whole area of the Rancho 
La Brea Beds, it is within the limits of probability to say that 
there are still some thousands of individuals of Smilodon californicus 
and Canis indianensis entombed in the deposits of this region. Of 
other forms the number is also probably very large, though some- 
what less than in the case of the Carnivora. 


Date of issue, November 9, 1911 


: ane 
Parton t 


ire 


iy At 


‘yyeydse Jo 3Ud}X9 9B1v] vO} JSISUOCD UOOSY] dy} PUNOIe syULq 9YT “IOI oY 
ySnosyy Suidvosa usaas oie satqqnq sv8 puv “fio yIIM paxvesys st puod ay} Jo sovjJins oY], “voIg vy OYOULY Iv UOOSY] sy |, 


[MERRIAM] PLATE 20a 


y 
* 
4. ‘e 


Mewmorrs Univ. CAtir., vot. 1, No. 2 


[MERRIAM] PLATE 200 


Memoirs UNIv. CALIF., VOL. 1, No. 2 


"JYSII ay} 0} PUNOIZ s[PprIul sy} UT pazeNzIs st UOOSr] sy, “PpadeNiIs si spog vorg vy] oYyoUTY 
ay3 Jo Azteoo, od} oyy YoryM UI UOIZer oYX ssosoe puL ‘aBULY vOTUOT] LJULS dy} PILMO} YIIOU BUTYOOT MIA [vsOUey 


‘pjoury ydiey Aq ydeisojoyg *xi4yvu [euIdiI0 
9Y} UI IQS souog posoyzveM quesosdar ypeydse oy ur soypied azTYM [[vUIs ey, *vIvI}S JOUTISIP Jo UONLIedas sMoYs IJ9T FY} 03 
gansodxe ay, “UO palsivo usaq svy vIUIOFITLD Jo AlIsIOATUG) dy} Jo YIOM UONvALOXa [edioutd ayy Yor ye AI[LooT oY, 


[MERRIAM] PLATE 21a 


Memoirs Univ. CALIF., VOL. 1, No. 2 


[MERRIAM] PLATE 210 


Memoirs UNIv. CALiF., VoL. 1, No. 2 


‘suapsey Al[enpvsd sdvjins oY} suUIsIvUT OY} PIvMOT, 


"yjos Aso si doas oy) Jo a[pprur oy ul vore oyy, ‘doos 143 VW 


[MERRIAM] PLATE 22a 


Memorrs UNIV. CALIF., VOL. 1, No. 2 


¢ 


[Ios 94} YIM poxtut Se 


Y avy OU. 


‘uses ATIpves JOU o1v SolIvpUNoO s}I vy} OS 
peuuvyo so odid [jews v ySnory3 sovjins oy} 0} oWIOD sey YyoIym yeYdse Jo ood y 


[MERRIAM| PLATE 220 


Memoirs Univ. CALIF., VoL. 1, NO. 2 


pur sarppng 


‘sjeuue [jews Auvw dvs} poursoj sny} 4v3 Jo spuod 
‘spoom puv ssvi3 Aq poidnos0 Ajasiv] useq svy PpuNnosS dy} I9yM [Ios 9y3 ysnosy3 dn Sururoo daas ve} y 


Jopiog 9} Ivou sdaos Tey YIM puod yjeus 


[MERRIAM] PLATE 23a 


Memoirs UNIv. CALIF., VOL. 1, No. 2 


[MERRIAM] PLATE 230 


Memoirs UNIV. CALIF., VoL. 1, No. 2 


“JY SII JIMOT IY} UI UVES 


‘yav] Aopvow v Sau JoT[eUIS 


"Iv} Oy} Ul paling AyAvou st ‘ornqo1d ay} Jo Jaur09 pury 
‘yysnvo useq AjJUs0e PeY Spsiq OM} Yorym ut Jood 313 vo 


RECENT DISCOVERIES OF CARNIVORA IN THE 
PLEISTOCENE OF RANCHO LA BREA 


INTRODUCTION 


NTIL recently no remains of true bears and none representing 
cats of the puma type have been discovered in the collec- 
tions of carnivore remains obtained at Rancho La Brea. 

Absence of these two groups has therefore been generally considered 
as one of the peculiar features of this fauna. Bears of the arctothere 
group are known from fragmentary remains representing a large 
species which has been tentatively designated as Arctotherium 
californicum.! ‘True cats are represented at Rancho La Brea by the 
gigantic lion, Felis atrox bebbi,? and by wild-cats of the type of 
Lynx californicus fischeri. 

Included in collections from Rancho La Brea which have been 
prepared for study within the past year there are several fragmen- 
tary specimens which evidently represent a bear of the Ursus type, 
and a cat closely related to the existing pumas. These discoveries 
are of some significance in connection with studies on the distribu- 
tion of the fauna of Rancho La Brea with reference both to time and 
to space, and it is therefore deemed desirable to record the informa- 
tion available. 

Ursus, sp. 


The remains referred to Ursus consist of an atlas (no. 12786) and 
fragments of other vertebrae. The atlas (figs. 1 and 2) is distinctly 
of the ursid type. It resembles Ursus and differs from Arctotherium 
in the character of the posterior opening of the vertebrarterial 
canal. The general form of the transverse process seems also to 
resemble Ursus more closely than 4rctotherium, although this can- 
not be demonstrated as the ends of these processes are broken away. 

University of California Publications, Bulletin of the Department of Geology, vol. 7, no. 3, 
pp. 39-46, September 12, 1912. 


1 Merriam, J. C., Univ. Calif. Publ. Bull. Dept. Geol. vol. 6, p. 165, 1911. 
? Merriam, J. C., Univ. Calif. Publ. Bull. Dept. Geol. vol. 5, pp. 291-304, 1909. 
§ Merriam, J. C., Univ. Calif. Publ. Bull. Dept. Geol. vol. 5, p. 394, 1910. 
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In such material as is available for comparison the atlas of Ursus 
differs from that of drctotherium in the location of the posterior 
opening of the vertebrarterial canal. In Ursus this opening is on 
the upper side of the posterior face of the transverse process; in 


Fics. 1 anp 2. Ursus, sp. Atlas. No. 12786, X 3. Fig. 1, superior view; fig. 2, pos- 
terior view. Rancho La Brea Beds. 
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Fic. 3. Arctotherium simum Cope. Atlas, superior view. No. 3035, X 3. Pleistocene 
of Potter Creek Cave, California. 


Arctotherium (fig. 3) the posterior opening is on the upper side of the 
transverse process some distance in advance of the posterior margin, 
much as in the Canidae. In Ursus the posterior articular faces of 
the atlas commonly extend backward on angular processes which 
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project some distance behind the proximal region of the posterior 
border of the transverse process. In Arctotherium the posterior 
border of the transverse process is slightly notched, but the plates 
supporting the posterior articular faces are not as prominent as they 
may be in Ursus, and there is a very narrow posterior notch. In 
both of the characters just mentioned atlas no. 12786 from Rancho 
La Brea is distinctly ursine rather than arctotherine. 

The atlas may be referred to the genus Ursus, but specific deter- 
mination is hardly possible with the material available. In form, 
size, and position of the posterior opening of the vertebrarterial 
canal the atlas specimen from Rancho La Brea is nearer to the black 
bear than it is to the grizzly. The form of the transverse processes 
differs somewhat from both black and grizzly. Unfortunately in 
the fossil specimen these processes are incomplete on both sides, 
and no distinctive characters can be based upon them. 

The animal represented by the ursine atlas from Rancho La Brea 
was about as large as a grizzly of average size, but was very con- 
siderably smaller than the gigantic Arctothertum californicum known 
from these beds. 


MEASUREMENTS OF ATLAS 


Least anteroposterior diameter on dorsal side....................0-- 25.3 mm. 
Greatest transverse diameter across anterior articular faces............ 65.5 
Greatestaneiahtyolmneunaltcanalunerereneaieriiae aac 26. 


FELIS, near HIPPOLESTES Merriam, C. H. 


The remains referred to the puma group of felines consist of a 
portion of a mandible and four perfect metapodials. The jaw and 
two of the metapodials were found near together and may represent 
the same individual. They agree approximately in form and dimen- 
sions with the corresponding elements of existing cougars included 
in Felis hippolestes, but it is hardly safe on the basis of such frag- 
mentary material to assume that the species can be definitely deter- 
mined. 

The jaw fragment (fig. 4) is almost identical in dimensions with 
the average of several specimens of Felis hippolestes, but differs 
slightly in the shape of the coronoid process from the normal form 
in this species. In most specimens of F. hippolestes a line drawn 
between the middle of the posterior side of the condyle and the most 
posterior part of the upper region of the coronoid process will lean 
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forward. In the specimen from Rancho La Brea such a line is 
tipped strongly backward. This is generally considered as a 
characteristic of the tiger, and is a feature of all specimens of Felis 
atrox thus far examined. In the Rancho La Brea specimen the 
character just mentioned is coupled with distinctly greater antero- 
posterior diameter of the upper portion of the coronoid process. 
This deviation from the form of F’. hippolestes is, however, so slight 
that it may have no real taxonomic value. 
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Fic. 4. Felis, near hippolestes Merriam, C. H. Fragment of mandible. No. 19525, 
natural size. Rancho La Brea Beds. 


Of the metapodials representing the small Fe/is form, metacarpal 
four (fig. 5) is very slightly larger than that of an average specimen 
of F. hippolestes, but is distinguished by the character of the antero- 
medial region of the shaft. In the specimens of /. hippolestes 
available this area of the shaft 1s regularly rounded, and almost with- 
out tendency to development of an antero-medial angle. In the 
Rancho La Brea specimen the proximal half of this region is de- 
cidedly angular, and is swollen medially so as to produce a noticeable 
prominence. There is reason to doubt that this difference is due 
solely to individual variation. 

The specimen representing metatarsal five (fig. 6) is a little larger 
than that of the individuals of F. hippolestes available. The Rancho 
La Brea specimen differs from the Recent ones only in greater width 
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Fics. 5 to 8. Felis, near hippolestes Merriam, C. H. Metapodials, natural size, Rancho 
La Brea Beds: fig. 5, metacarpal IV, anterior view, no. 19526; fig. 6, metatarsal V, anterior 
view, no. 12245; fig. 7, right metatarsal III, anterior view, no. 19290; fig. 8, left metatarsal 
III, proximal end, no. 19290. Fic.9. Felis hippolestes Merriam, C.H. Proximal end of 
left metatarsal III, natural size, Recent, California. Fic. 10. Felis atrox bebbi Merriam, 
J.C. Proximal end of left metatarsal III, natural size, no. 12679, Rancho La Brea Beds. 
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of the postero-medial face for articulation, with metatarsal four, and 
in the more distinctly angular nature of the proximal portion of the 
lateral margin. 

A right and a left metatarsal three (fig. 7), evidently from the 
same individual, are a little larger than the corresponding elements 
of an average specimen of /’. hippolestes. The dimensional relations 
between these elements and the metatarsal five referred to F. 
hippolestes above are almost exactly similar to those between 
metatarsals three and five in the Recent FP. hippolestes. The third 
metatarsals differ distinctly from those of Felis atrox and Felis leo 
in certain characters in which these two forms are alike; and in the 
respects in which they differ from F. /eo and F. atrox they are almost 
identical with f. Aippolestes. 

The resemblance of metatarsal three in the Rancho La Brea 
specimens to the pumas, and its separation from the lions, is particu- 
larly noticeable in the form of the proximal end, and in the nature 
of the facets of this region. (See figs. 8 to 10.) In the puma the 
roughly hammer-shaped proximal articular face shows commonly a 
very narrow notch on the medial side, and the posterior end of the 
facet terminates with a clearly-defined margin some distance an- 
terior to the posterior tubercle of the proximal end of this bone. In 
the /. atrox and F. /eo the medial notch 1s very wide and the posterior 
end of the proximal articular facet reaches almost to the end of the 
posterior proximal tubercle. In the puma the posterior lateral face 
for articulation with metatarsal four is entirely distinct from the 
proximal articular face. In the F. /eo and F. atrox this face extends 
almost if not quite to the latero-proximal angle of the bone. In the 
third metatarsals (no. 19290), from Rancho La Brea, the proximal 
facets correspond in form to those of the puma. 

The third metatarsals in no. 19290 differ in general form from 
those of F. hippolestes very slightly. They appear a little heavier 
anteroposteriorly in the proximal region of the shaft, and the antero- 
lateral side of the proximal end tends to develop a small tubercle 
between the proximal face and the antero-lateral face for metatarsal 
four. In the puma the shaft narrows gradually for some distance 
down from the proximal end, and there is no suggestion of a tubercle 
in the proximo-lateral region. 

The two specimens representing metatarsal three are evidently 
from a form of the same type as that seen in metatarsal five and 
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metacarpal four described above. This form is not separable from 
the puma group by any characters thus far known. 

Possible relationship of this form to the jaguar, Fe/is onca, has 
been considered, but the jaw seems to differ distinctly from that 
species. No material representing the extremities of the jaguar 
is available for comparison, but the nature of the mandible would 
seem to suggest that the Rancho La Brea form is a puma rather 
than a jaguar. Slight differences between the elements available 
and the corresponding parts of pumas at hand for comparison sug- 
gest that the Rancho La Brea specimens may represent a species or a 
subspecies different from /’. hippolestes, and possibly a form as yet 
undescribed. ; 


MEASUREMENTS 
Mandible 
Height from inferior margin below masseteric fossa to summit of 
COROMOIAE PROCESS BAM iNINEE rina) aUN se SRL eae ial avai Oe Sila a Mis 64. mm. 
Height of summit of coronoid process above condyle............ 37. 
itronsverceralamecenomcondy camMenerane se eerin aaron aie 30.8 
Metacarpal IV 
Greatestelenothmmmapes amy en andi et yl LE, wile Ae mee: 82.6 
ILCARE (TAMSTENS Charnes CH Gee, cobuscoscsecacgagapeaddoous 9.2 
Metatarsal III 
Greatestlensthyalonoumiddlerofishattenpaniareeie cei ie: 108.5 
MeastaukansvetserdiainetoiOlshaltaneneneran erect iccc SP 
Weasanteropostenionadimmetemotishaltae ee erere area ea cer 10.9 
Greatest transverse diameter of proximal end.................. OBZ 
Greatest anteroposterior diameter of proximal end..... EV I Ee 24.3 
Metatarsal V 
Greatestelencthiwar en tua cre seine n Care. arate ain aeae ls Wott 95.6 
ILEARE (AMGTESS ChAT? OL ANNs cob 20boede00en00b0 0000050 0% 9.1 
CONCLUSIONS 


The apparent absence of arctotheres, of true bears, and of cats 
of the puma group from the Rancho La Brea fauna, has appeared 
to give this assemblage a distinctly ancient aspect compared with 
other Pleistocene faunas in the Pacific Coast region. There are 
still many peculiar features in the life of Rancho La Brea which 
make it seem quite different from that of the Pleistocene known 
from other localities of this province. Some of these peculiarities 
will be interpreted as due to difference in time, and some to difference 
in habitat. The known presence of true bears, arctotheres, and 
cats of the puma group brings the Rancho La Brea fauna into closer 
relation with the other Pleistocene faunas of this region than had 
previously seemed possible. 


THE FAUNA OF RANCHO LA BREA 
PART II. CANIDAE 


INTRODUCTION 


quantity of fossil remains found in the deposits at Rancho 

La Brea. Thus far six species have been recognized in 
the fauna at this locality: these species are, Canis dirus Leidy; 
Canis occidentalis furlongi Merriam, J. C.; Canis milleri Merriam, 
J. C.; Canis ochropus orcutti Merriam, J. C.; Canis andersoni 
Merriam, J. C.; and Urocyon californicus Mearns. Of these forms 
the great wolf, Canis dirus, makes up more than half of the total 
number of specimens obtained. C. 0. orcutti, though much rarer 
than C. dirus, is known by a considerable number of specimens. 
The other species are quite rare. 

It is probably true that the species known from the deposits at 
Rancho La Brea varied to some extent in degree of susceptibility 
to entanglement in the tar, and therefore that the specimens found 
represent slightly different percentages of the number of individuals 
in existence during the period of deposition. It is also probable 
that some of the forms known were less characteristic of this re- 
gion than of adjacent territory. There seems, however, little doubt 
that the proportion of remains of the several species obtained in the 
asphalt gives a fairly satisfactory approximation of the canid fauna 
of this region while the beds were accumulating. Though fore- 
shadowing the fauna of the present period in the presence of a gray 
fox, a coyote, and a timber wolf, the difference between the canid 
life of this period and that of the present is emphasized in the 
dominance of the wolves of the Canis dirus type, in the presence 
of the peculiar short-faced Canis andersoni, and in the specific or 
subspecific difference in the coyote and the timber wolf. The gray 
fox, the only canid of the Rancho La Brea fauna which does not 


R= of canid forms constitute a large part of the total 


Memoirs of the University of California, vol. 1, no. 2, pp. 215-272, pls. 24-28, October 25, 
1912. 
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seem to differ distinctly from existing species, is known by very 
few specimens. 


Canis pirus Leidy 
Plates 24 to 28; text figures 1 to 26 


Canis primaevus Leidy. Proc. Acad. Nat. Sc., Philad., 1854, p. 200. Jour. 
Acad. Nat. Sc., Philad., 1856, ser. 2, vol. 3, p. 167, pl. 17, figs. 11 and 12. 
(Not C. primaevus Hodgson, 1833.) 

Canis dirus Leidy. Proc. Acad. Nat. Sc., Philad., 1858, p. 21. 

Canis indianensis Leidy. Jour. Acad. Nat. Sc., Philad., 1869, p. 368. 

Canis indianensis Leidy. Geol. Surv. Terrs. vol. 1, Fossil Vertebrates, 1873, 
peZsOnplasienien2: 

Canis mississippiensis Allen. Am. Jour. Sc., ser. 3, vol. 11, p. 49, 1876. 

Canis lupus. Cope and Wortman, Indiana Geol. and Nat. Hist., 14th Ann. 
Rep., part 2, p. 9, 1884. 

Canis indianensis. Cope, E. D., Jour. Acad. Nat. Sc., Philad., 1895, ser. 2, 
vol. 9, p. 453, pl. 21, figs. 14 to 16. 

Canis indianensis. Merriam, J. C., Univ. Calif. Publ. Bull. Dept. Geol., 
vol. 3, p. 288, 1903. 

Canis indianensis. Freudenberg, W., Geol. u. Palae. Abh., N. F., Bd. 9, 
Heft 3, S. 22, 1910. 

Canis indianensis. Merriam, J. C., Mem. Univ. Calif., vol. 1, no. 2, p. 213, 
1911. 


Type specimen, an upper jaw with the cheek teeth, now in the 
collection of the Academy of Sciences, Philadelphia. Type ob- 
tained from Pleistocene beds on the Ohio River near Evansville, 
Indiana. 

The forms referred to this species include some of the most re- 
markable known representatives of the Canidae, and deserve par- 
ticular mention with reference to structure, geological occurrence, 
geographic range, and taxonomic position. Up to the time of 
discovery of the deposits at Rancho La Brea this wolf was known 
only by very fragmentary remains, and the literature contains no 
adequate description of any phase of its structure. 

Canis dirus 1s the most abundant and most important of the 
canids from Rancho La Brea, and was evidently the dominant type 
of wolf in this region at the time of deposition of the asphalt beds. 
This species includes the largest individuals of the Canis group 
known from America. Some of the specimens exceed in dimen- 
sions all the largest known Recent wolves. Other individuals are 
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considerably smaller than some of the large northern wolves of the 
present day. The skull is especially large, and the head seems to 
have been relatively large compared with the limbs. The teeth 
are very massive, but those regions of the cheek-tooth dentition 
constructed especially for crushing are relatively small. 

The comparatively light limbs and very massive head show that 
the animal was not as well developed for running as the timber 
wolves and coyotes. The massiveness of the dentition without cor- 
responding development of the crushing surface indicates use of the 
teeth in smashing large bones. The form of the skull suggests 
that the head was normally held low and was often used in hard 
pulling and hauling of heavy bodies. The great number of indi- 


viduals of C. dirus found at Rancho La Brea suggests that the 


wolves of this species sometimes associated themselves in packs, 
and that groups of considerable size may have assembled to kill 
isolated ungulates and edentates. Particularly the young, aged, 
and injured, when they could be separated from their associates, 
would be the natural prey of the great wolf, but adults in normal 
strength may also have succumbed to the combined attack of sev- 
eral of these powerful animals. 


History of Literature on Canis dirus 


In 1854 Dr. Joseph Leidy! described from deposits occurring on 
the banks of the Ohio River, a short distance below Evansville, 
Indiana, a collection of fossil bones including the remains of Mega- 
lonyx geffersoniz, Tapirus haysti, Equus americanus, Bison ameri- 
canus, Cervus virginianus, and a large wolf. The wolf remains 
consisted of an almost complete left maxillary containing all but one 
of the cheek teeth. The species represented seemed to Leidy to 
vary far enough from any existing form to require a distinct specific 
designation, and was accordingly described as Canis primaevus. 
Leidy realized that others might fail to recognize the species as 
distinct, as is indicated in the following statement taken from his 
paper: “Certain naturalists may regard the fossil as an indication 
of a variety only of Canis lupus, and of the correctness of this 
view I will not attempt to decide.” In 1856 Leidy? figured and 
redescribed the species under the same name. 


1 Leidy, J., Proc. Acad. Nat. Sc. Philad., vol. 7, p. 200, 1854. 
* Leidy, J., Jour. Acad. Nat. Sc. Philad., ser. 2, vol. 3, p. 167, pl. 17, figs. 11 and 12, 1856. 
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In a description of Canis (Aelurodon) saevus, published in 1858, 
Leidy refers to the wolf previously described by him as Canis 
primaevus, as follows: 


“The present extinct species is not so large as the one whose remains have been 
discovered in association with those of Megalonyx, Tapirus, Equus, etc., on the 
banks of the Ohio River, Indiana, to which the name of Canis primaevus was inad- 
vertently applied (Proc. Acad. Nat. Sc. VII, 200; Jour. Acad. Nat. Sc. iii, 167), 
and which may be distinguished by that of Canis dirus.” 


In 1869 Leidy‘ again referred to the original specimen, which he 
had described as Canis primaevus, and gave to it the name Canis 
indianensis. Apparently Leidy had forgotten the reference to this 
form under the name of Canis dirus in 1858. The name Canis 
indianensis has come to be the designation for this form commonly 
used in the literature. The writer is indebted to Dr. O. P. Hay 
for the discovery that Leidy’s use of Canis dirus for this form pre- 
ceded its designation as Canis indianensis. 

In 1884 E. D. Cope and J. L. Wortman, in describing the post- 
Pliocene vertebrates of Indiana,® reviewed Leidy’s description, and 
after careful consideration of the measurements of the type speci- 
men concluded that it would be impossible to admit this fossil to 
the rank of a distinct and well-defined species, but it appeared, in 
their judgment, to be but a variety which has a representative in 
the mountains of Oregon today. 

In 1895 Cope’, in describing a specimen representing a large fossil 
wolf from Texas, referred to Leidy’s type specimen as representing 
a distinct species, Canis indianensis. 

Previous to the discovery of Canis dirus at Rancho La Brea, ex- 
cepting the type specimen, the only materials described which had 
been referred to this form consisted of two specimens from Cali- 
fornia and one from Texas. Several limb bones described from the 
lead region of the Upper Mississippi by Allen’ represent a form 
evidently nearer to C. dirus than to any other American species, 


3 Leidy, J., Proc. Acad. Nat. Sc. Philad., p. 21, 1858. 

*Leidy, J., Jour. Acad. Nat. Sc. Philad., p. 368, 1869. 

* Cope, E. D., and Wortman, J. L., Indiana Geol. and Nat. Hist., 14th Ann. Rep., part 2, 
p- 9, 1884. 

® Cope, E. D., Jour. Acad. Sc. Philad., ser. 2, vol. 9, p. 453, 1895. 

7 Allen, J. A., Am. Jour. Sc., ser. 3, vol. 11, p. 49, 1876. 
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and not separated from it by any characters mentioned in the 
original description. 

The California specimens first referred to C. indianensis consisted 
of a lower jaw which Dr. Lorenzo Yates obtained from a Quater- 
nary deposit in Livermore Valley. The Yates specimen (see fig. 25) 
was tentatively referred by Leidy® to this species. 

In 1903 a fragment of a lower jaw with the canine, the sectorial, 
and the last premolar, obtained from an asphalt deposit in Tulare 
County, California, was referred by Merriam? to C. indianensis. 

A fragment of a lower jaw referred to C. indianensis in Sinclair’s 
report on Potter Creek Cave,!® on a determination by Merriam, 
possibly represents a timber wolf or another large wolf closely re- 
lated to this species.!! 

The Texas specimen referred to C. indianensis consisted of por- 
tions of an upper dentition, including M!, P’, the canine, and an 
incisor. It was obtained in the Equus horizon of the Tule Cafion, 
on Staked Plains of Texas by W. F. Cummins. Cope,” to whom 
the specimen was submitted, pointed out some differences between 
the teeth of this animal and those of Leidy’s type, but was inclined 
to regard it as an individual of the same species. 

So far as is known to the writer, the first mention of the occur- 
rence of Canis dirus in the deposits of Rancho La Brea appears in 
the preliminary description of this locality by Merriam™ in 1906. 

Figures of a nearly complete skeleton and of a perfect skull of 
this species were used in illustration of popular articles published 
by Merriam in 1908 and 1909.14 

The most recent discovery of remains of Canis dirus is that re- 
ported by Freudenberg from Tequixquiac, Mexico. At this 
locality the posterior region of a skull has been found which closely 
resembles the specimens from Rancho La Brea. 


8 Leidy, J., Proc. Acad. Sc. Philad., p. 260, 1873; and Geol. Surv. of Terrs., vol. 1, Foss. 
Verts., p. 230, 1873. 

9 Merriam, J. C., Univ. Calif. Publ. Bull. Dept. Geol., vol. 3, p. 288, 1903. 

10 Sinclair, W. J., Univ. Calif. Publ. Amer. Arch. Ethn., vol. 2, p. 17, 1904. 

11 See page 764 of this paper. 

22 Cope, E. D., Jour. Acad. Sc. Philad., ser. 2, vol. 9, p. 454, 1895. 

138 Merriam, J. C., Science, n.s., vol. 24, pp. 248-250, Aug., 1906. 

14 Merriam, J. C., Sunset Magazine, Oct., 1908, p. 172. Also Harper’s Weekly, Dec. 18, 
1909, p. 11. 

16 Freudenberg, W., Geol. u. Palae. Abh., N.F., Bd. 9, Heft 3, p. 22, 1910. 
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Geological Occurrence and Geographical Distribution of 
Canis dirus 


The fairly authenticated occurrences of Canis dirus known to the 
writer include Leidy’s type specimen from Indiana; the material 
from the lead region of the Upper Mississippi described by Allen; 
a specimen from the Sheridan formation of Kansas, now in the 
American Museum; Cope’s specimen from Texas; the California 
specimens from Livermore Valley, Tulare County, and Rancho La 
Brea; and the Mexican specimens described by Freudenberg. All 
of the material referred to C. dirus has been obtained from deposits 
held to be of Pleistocene age. There is reason for believing that 
the horizons at which these specimens have been found at different 
localities do not differ greatly, but a discussion of the time relation 
of these occurrences 1s best considered in a division of this memoir 
following a discussion of the fauna. 

The collection of remains associated with the type specimen, 
including, as it does, on the one hand, such extinct forms as Mega- 
lonyx jeffersonii, Tapirus haysiit, and Equus americanus, and, on 
the other hand, the Recent Bison americanus and Cervus virginianus, 
cannot represent other than Pleistocene time. 

The Texas specimen described by Cope seems to have occurred 
at the same horizon as Mylodon? sodalis, Elephas primigenius, 
Equus excelsus, E. semiplicatus, E. tau, E. major, Holomeniscus 
sulcatus, and H. macrocephalus. This assemblage including the 
three genera Equus, Elephas and Holomeniscus must be considered 
as Pleistocene. 

The lower jaw which Leidy described from Livermore Valley, 
California, is presumed to have been associated with a number of 
remains representing other mammalian forms. This material in- 
cludes the type specimen of a very large cat, Felis imperialis, a 
bison referred to Bison latifrons, and a large camel. ‘The presence 
of Bison latifrons may be considered as evidence of Pleistocene age, 
though it is uncertain how closely the specimens were associated. 

The fragment of a jaw from Tulare County described by Merriam 
was associated with a portion of the skull of an edentate nearly re- 
lated to Mylodon, and is presumably Pleistocene. 

The material from Rancho La Brea described in the following 
paper is associated with a fauna which falls well within the limits of 
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the Pleistocene. A discussion of the definite stage of the Pleisto- 
cene represented is deferred to a later chapter, in which the evidence 
from various sources will be assembled. 

The material from the Upper Mississippi region is held to be 
Pleistocene, and the Sheridan formation in which the Kansas speci- 
men was found is generally considered to represent an early phase 
of the Pleistocene. 

The material described from Mexico by Freudenberg seems to 
have been derived from the same horizon as the great lion, Felis 
atrox, as is the case at Rancho La Brea, and presumably represents 
a horizon near that of the Pleistocene of Rancho La Brea. 

The known occurrences of Canis dirus show that this animal cer- 
tainly roamed over a large part of the Mississippi Valley; its range 
extended south into Mexico, and west into middle and southern 
California. Until we have a more exact determination of the time 
relations of the beds in which this species is found, it is not possible 
to be certain as to contemporaneity of the occurrence in all of these 
regions, but such evidence as is before us indicates that the forma- 
tions concerned do not differ greatly in age. It is probable that the 
species was at one time present in all of the regions mentioned, 
though the earliest and latest occurrences may have differed much 
in the several regions. 

That the range of Canis dirus extended considerably beyond the 
territory marked out by known occurrences is probable, but it is 
by no means certain that it covered a region as large as that now 
occupied by wolves of the C. occidentalis group. Until we are better 
acquainted with the correlation problem of the American Pleisto- 
cene, it is perhaps unsafe to attach much significance to the possible 
absence of C. dirus from the Pleistocene of Silver Lake, Conard 
Fissure, Samwel Cave, and Port Kennedy Fissure, and its absence 
or rarity in Potter Creek Cave. Absence from some of these faunas 
may be due to difference in age of the beds, but the deposits in- 
cluded in this list represent a wide range of the Pleistocene, and it 
is not probable that all are so far removed in time from the beds 
containing C. dirus as to have missed completely the life range of 
that species. Some of the localities, particularly the cave regions, 
evidently constituted a habitat very different from that of the 
known occurrences of C. dirus, and to this difference in environ- 
ment the presence or absence of the great wolf may be due in some 


FAUNA OF RANCHO LA BREA: CANIDAE 767 


measure. The faunas of Potter Creek Cave and Samwel Cave in 
California lived in a hilly or mountainous country covered to a 
large extent with forest, whereas the Rancho La Brea fauna repre- 
sents the life of a plain bordering the hills. In view of what is 
known, the great wolf may be presumed to represent a fauna which 
ranged mainly over the great plains of an area corresponding ap- 
proximately to what is now the Sonoran region. What we know 
of the structure and probable habits of C. dirus would be in agree- 
ment with such a range, as the animal seems particularly suited for 
preying upon some of the larger plains mammals. 


Diagnostic Characters 


The largest species of Canis known from the faunas of North 
America. Form and proportions in general near those of the exist- 
ing timber wolves; head relatively larger and feet relatively smaller 
than in the large Recent timber wolves of the Canis pambasileus 
type. Skull attaining a length of 310 mm. or more; relatively 
broad across the palate, frontal region, and zygomatic arches. 
Sagittal crest high, inion showing an extraordinary backward pro- 
jection. Posterior extremities of nasal bones extending relatively 
far back. Nasal processes of frontals relatively short. Post- 
palatine foramina opposite posterior ends of superior carnassials. 
Optic foramen and anterior lacerated foramen close together in a 
common pit. Upper and lower carnassials relatively large and 
massive. P* with reduced deuterocone, M! with greatly reduced 
hypocone, M, with a small metaconid, P? and P: often without 
posterior cusps or tubercles. 


Skull 


The skull in this species (figs. 1, 2, 3, and 4) is larger than the 
cranium of any other wolf known to the writer. The basal length 
from the anterior end of the premaxillaries to the posterior side of 
the occipital condyles in one of the large specimens measured (no. 
10856) is 282 mm. The total length of the skull projected on the 
plane of the palate, including the extraordinary backward projec- 
tion of the inion, may be more than 310 mm. In spite of the great 
length, the width measured across the palate, between the orbits, 
across the postorbital processes of the frontals, and across the 


_ zygomatic arches, is relatively large, making the skull very massive. 
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The facial region is characterized by extraordinary backward ex- 
tension of the nasal bones, which reach a short distance behind a 
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superior view. Rancho La Brea Beds. 


line connecting the most nearly approaching points on the orbits. 
The nasal processes of the frontals are generally relatively short. 
In the lateral region of the face an area at the anterior root of the 
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zygomatic arch is generally very sharply depressed and forms a 
characteristic feature. On the inferior side of the zygomatic arch 
the attachment of the masseter muscles is very strongly marked, 
and ends anteriorly on a prominent knob situated at the most in- 
ferior point on the suture between the jugal and the maxillary. 


Fics. 3 anp 4. Canis dirus Leidy. Skull, no. 10834, X 3. Fig. 3, posterior view; fig. 4, 
inferior view. Rancho La Brea Beds. 


The frontal region is relatively broad, the postorbital processes of 
the frontals. being very largely developed. The frontal region 
shows only a slight median depression, which may be somewhat 
accentuated toward the nasal and parietal borders of the frontals. 
The sagittal crest is uniformly high, and is characterized especially 
by the extraordinary backward extension, which much exceeds that 
of the other wolves. 
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Percentages of width of the skull at various points in relation to basal length 
measured from the anterior end of the premaxillaries to the posterior side of the 
occipital condyles are as follows: 


C. pambasi- 
C. dirus (a) leus (0) C. latrans 


Width across palate, measured between outer sides of 


SUPETION SECTOL Als) oat ce ia sila ni a eet ar ear Teva etean 38.1% 34. %G S26 
Width between most nearly approaching points on upper 

borderiofOr bits ee sees ey a ae a eye Da iors Gaegnn amtna RL 2D AG 20.8% 16.5% 
Width between postorbital processes of frontals.......... SOE | BO PAYG DE 
Widthvacrossizycomaticiarchess asp. anna O20 Fi) ySShOVo 09-47% 


(a) No. 10856. All numbers, unless otherwise noted, are from the series of the University 
of California Collections in Vertebrate Palaeontology. 

(4) No. 984, Univ. Calif. Mus. Vert. Zool. From Susitna River, Mt. McKinley region, 
Alaska. This is according to Elliot (Field Columb. Mus. Publ., Zool. ser., vol. 6, p. 374) 
the largest Recent species of the North American wolves. 


The palate is relatively broad, and the posterior palatine foramina 
are set relatively far back. The posterior end of the vomer extend- 
ing backward between the vertical plates of the palatines com- 
monly reaches very slightly beyond the posterior nasal opening. 
This is in decided contrast to the Recent wolves, in which the broad 
posterior end of the vomer reaches well beyond the posterior nasal 
opening. In most of the specimens of Canis dirus the posterior 
nasal opening is relatively wider at the anterior end than in wolves 
of the C. occidentalis type. 

The occipito-sphenoidal region of the skull exhibits a tendency 
to shortening, the distance from the posterior border of the glenoid 
fossa to the posterior side of the occipital condyles averaging slightly 
less than in other forms. On the basal occipital the uneven sur- 
faces corresponding to the attachment of the longus capitis muscle 
are marked by very rough areas which commonly do not extend as 
far forward as in the timber wolves. In other forms these areas 
extend forward for a considerable distance anterior to the tympanic 
bullae. In the space between the tympanic bullae and the anterior 
end of the inferior notch of the foramen magnum the median ridge 
extending from the basal occipital to the basal sphenoid is usually 
relatively prominent and acute, while in the timber wolves it is 
commonly a low, broad, horizontally truncated ridge. 

The posterior aspect of the skull presents in general a very differ- 
ent form from that of the Recent wolves. The two ridges which 
form the lamboidal crest tend to converge sharply above the 
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occiput, while in most Recent forms they sweep outward rather 
widely before uniting at the inion. On the other hand, the short 
processes formed at the lower ends of the transverse ridges and 
immediately behind the superior side of the posterior root of the 
zygomatic arches average smaller than in the modern species. In 
the superior region of the occiput the two lateral depressions in 


MEASUREMENTS OF SKULL 


aS) ic) A & 
O oO tS) O 
Length, anterior end of premaxillaries to posterior 
ENakoOMmoccipiealicondylesn een enna ane ack 282 mm. 267 250 223 
Length, anterior end of premaxillaries to anterior 
end of posterior nasal openings............... 155 141 IS. 119 
Width across nose, measured between outer sides 
Gli DEES Pk, CHVTITOKES YG bins io bina Slo Shoe aeeawor 67.3 58.5 52 50.2 
Width, measured between outer sides superior 
SE GCI dl SMP mlmen yy WN iata cee Hi Slt ual, et, 107.5 96.2 85 89.5 
Widthvactoss zygomatic arches, ...%.5.........- 175 ap 164.5 138.4 134 
Least diameter between superior borders of orbits. 64.9 54.1 51 43.2 
Width between postorbital processes of frontals... 93.9 ii 67.7 64 
Length from a line drawn between posterior bor- 
ders of glenoid fossae to posterior end of occipital 
CONG MES. ceed c thes Saal aa) RS ANS ae RA ea ee 34 SY) 52 52 
Length, anterior end of left ramus of mandible to 
manlclalls GF Gontshulas an soscoumeamugucaauueneces 0 ap 2D. — ZO 178 
Height of lower jaw measured between summit of 
coronoid process and inferior side of angle...... OS 87 85.7 S29 
Height of lower jaw below hypoconid of M;...... od 35.3 30.6 29.8 
Height of lower jaw below protoconid of P3...... 36.9 32.5 31.9 24.5 
Thickness of lower jaw below protoconid of M;.... 20.3 19.3 14.9 16 
(2) No. 10856. (c) No. 984, Univ. Calif. Mus. Vert. Zool. 
(6) No. 10834. (2) No. 11257. 


ap approximate. 


which the attachments of the rectus capitis posticus are situated 
average extraordinarily deep, and are separated by a narrow ridge 
which is relatively prominent with reference to the occiput as a 
whole. The backward projection or overhanging of the inion is 
extraordinary, as are also the height and thinness of the sagittal 
crest rising above it in posterior view. 

The lower jaw tends to be relatively longer than in most wolves 
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and is also relatively higher and thicker below the inferior carnassial. 
Although the coronoid process is not unusually high, the masseteric 
fossa is generally very deep and rough, indicating an unusually 
strong muscular attachment. 

Although the foramina of the skull do not in general vary greatly 
in form or position from those of the Recent species, certain minor 
modifications are usually noticeable. The posterior palatine fora- 
mina are commonly situated farther back than in the Recent Ameri- 
can species, and are nearly opposite the posterior borders of the 
superior sectorials. The openings of the optic foramen and the 
anterior lacerated foramen are situated very near together in an 
uncommonly deep depression. The foramen ovale and the pos- 
terior opening of the alisphenoid canal are also situated very near 
together, and are usually in a distinct common depression. The 
situation of these foramina in this species 1s approximated in some 
of the Recent wolf species, but the openings are not often so nearly 
united in the Recent forms as to approach the extreme of vari- 
ation here. 


Permanent Dentition 


Superior Dentition—The incisors of the upper jaw (fig. 4) are 
not more noticeably crowded in specimens 10828 and 10856 than in 
the modern Alaskan wolves. 

I! is not materially different from that in the large modern wolves. 
On [? the basal lobe on the median side is small or wanting and 
there is a second minute basal tubercle on the lateral side. I? is 
not materially different from the corresponding tooth in the mod- 
ern wolves. 

The superior canine seems to be relatively short in anteropos- 
terior diameter at the upper margin of the enamel, its diameter 
slightly exceeding that of considerably smaller specimens of the 
Alaskan wolf. ‘The transverse diameter or thickness is relatively 
large, and the tooth shows a more nearly circular cross-section. 
The anterointernal enamel ridge usually runs nearly straight up to 
the margin of the enamel, without turning backward as in Recent 
Alaskan wolves. 

P! is sometimes smaller in anteroposterior diameter than P! of 
the large Recent wolves. 

P? is relatively much smaller compared with the sectorial than in 
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the large Alaskan wolves, the anteroposterior diameter being about 
one-half that of P4. This tooth is frequently almost simple- 
crowned, as is exemplified in no. 10856, in which there is only the 
merest trace of a tubercle on the posterior border of the cingulum. 
In other cases (no. 10893) there is a distinct posterior basal cusp, 
and behind it a posterior basal tubercle. 

P3 is also relatively small compared with the sectorial. (Ratio of 
anteroposterior diameter in P* and P* 19:32 in C. dirus no. 10856, 
and 16.5:24.5 in a C. pambasileus from Alaska.) There is a dis- 
tinct posterior cusp present, and a very small basal tubercle is usu- 
ally developed on the posterior border of the cingulum. The small 
posterior basal tubercle seems to be present more frequently than 
in the Recent wolves. ‘The protocone is in general not made rela- 
tively smaller than in the Recent species through the regular addi- 
tion of the posterior basal tubercle. The protocone commonly 
tends to be relatively large anteroposteriorly. 

P4 is relatively large compared with all of the other premolars. 
The blade is massive, though not much thicker transversely in rela- 
tion to the size of the skull in general than in the Recent wolves. 
The deuterocone is usually small, and the root supporting it does 
not ordinarily project as far toward the median line as in the mod- 
ern wolves. Though usually distinctly set off from the protocone, 
the deuterocone is in some cases entirely reduced. 

A peculiar feature appearing in quite a large percentage of the 
specimens is found in the development of a sharply angular ridge on 
the lower side of the cingulum on the outer side of the tritocone. 
The character of this ridge is in general similar to that of the lower 
side of the cingulum on the outer side of the upper molars. In one 
instance (no. 10830) this ridge is very largely developed on the 
left P*, and several distinct, rounded tubercles have arisen upon it. 
This last instance may possibly be attributed to pathological 
changes or to injury. It presents an interesting tendency of de- 
velopment, though it may have been stimulated by extraordinary 
conditions. 

M? is relatively small both anteroposteriorly and transversely 
compared with the carnassial. The most noticeable peculiarity of 
this tooth is the reduction of the hypocone, which is smaller than 
in any of the Recent North American wolves. The short ridge of 
the hypocone never extends forward around the base of the proto- 
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cone to join an anterior basal ridge as commonly occurs in the Re- 
cent wolves. The extreme median side of the hypocone frequently 
does not extend farther toward the median line than does the base 
of the protocone. The protocone, paracone, and metacone are not 
materially different from the corresponding tubercles of the modern 
wolves, though the bases of the paracone and metacone often tend 
to be relatively thick transversely. A distinct metaconule is al- 
ways present and a small protoconule is usually developed. 

M? is relatively small compared with the sectorial, and is usually 
also small compared with M!. In specimen 10856 its dimensions 
are practically identical with those of a Recent C. pambasileus which 
has a much smaller skull, and in which the other teeth are smaller. 
The principal difference between the form of this tooth seen here 
and that in the Recent wolves is found in the uniformly smaller 
size of the hypocone. In some instances the anterior end of the 
hypocone crest does not extend forward as a ridge of the cingulum 
along the anterior side of the tooth. 

Inferior Dentition—In most specimens observed the incisors are 
thrown considerably out of alignment by lateral crowding, I, being 
set back at least as far as I3, while the posterior border of I, is nearly 
even with the anterior border of Ik. 

I; has much the same form as in the large Recent Alaskan wolves 
excepting that the lateral lobe tends to be relatively small. 

In the inferior canine the sharp anterointernal ridge which marks 
the enamel of this tooth takes a course somewhat different from that 
in the Alaskan C. pambasileus. In passing forward from the pos- 
teroinferior region of the inner face of the tooth it does not rise as 
rapidly as in the Recent Alaskan wolves, but extends forward to a 
point near the anterior side of the tooth and only a few millimeters 
above the base of the enamel before it takes a direct upward course 
toward the apex of the crown. The angle formed by the sharp 
upward turning of this ridge is higher up on the side of the tooth, 
and consequently more obtuse, in the Recent Alaskan forms. Ina 
specimen of C. /atrans from Manitoba this enamel ridge is closely 
similar to that in C. dirus. 

P, (figs. 5, 6, and 7) tends to be rather small compared with Px. 
A faint indication of an anterior basal tubercle occurs less fre- 
quently and is less distinct than in the Alaskan wolves. A faint 
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posterior basal tubercle is present in some instances. Ordinarily 
both anterior and posterior basal tubercles are absent. 

P, in most cases shows no trace of either anterior or posterior 
tubercles, the tooth being as simple in form as the anterior lower 
premolars of Iemnocyon. In a few cases, as in specimen 10727 
(fig. 7), a well-developed posterior basal cusp is present with a 
minute posterior basal tubercle situated behind it. 

P; possesses a distinct posterior cusp, and a minute posterior basal 


Fic. 5. Canis dirus Leidy. Superior view of inferior premolar and molar series, no. 10834, 
natural size. Rancho La Brea Beds 


Fics. 6 AnD 7. Canis dirus Leidy. Lateral view of inferior premolar series. Fig. 6, 
no. 10834, natural size; fig. 7, no. 10727, natural size. Rancho La Brea Beds. 


tubercle is sometimes present. The posterior shelf or heel of the 
cingulum may be prominent and rather sharply turned up on the 
posterior side as in the modern wolves; or may, as in no. 10856, 
be much less distinctly marked, and may slope downward from the 
posterior basal cusp to the posterior margin of the tooth without 
exhibiting any upward curvature. 
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P, is relatively large compared with Ps, but shows almost exactly 
the same size in relation to Mj as is seen in the Alaskan C. pam- 
basileus. The posterior cusp and posterior basal tubercle are well 
developed. The posterior portion of the tooth is somewhat wider 
than the anterior in many cases. The posterior basal tubercle is 
usually situated on the extreme posterior portion of the cingulum, 
and its posterior border is the extreme posterior margin of the 
tooth. In some cases, as in no. 10727, this tubercle is separated 
from the posterior border by a distinct notch and another small 
tubercle is present on the posterior margin of the cingulum. 

In My, the trigonid portion of the tooth is generally relatively long 
and massive, or the heel region is relatively short compared with 
the large Recent wolves of North America. The metaconid is also 
generally smaller than in the modern species, though not always 
smaller than in all the Recent varieties. The hypoconid portion 
of the heel exhibits a tendency toward relatively greater develop- 
ment than the entoconid region. In nearly all specimens three 
small tubercles have developed in the space between the metaconid 
and the entoconid. One of these is usually situated on the base of 
the metaconid, one on the base of the entoconid, and one interme- 
diate between the two. In some cases the number of these second- 
ary tubercles varies above or below three, and their position may 
also vary somewhat from the situations indicated as most typical. 

M, and Ms, the tubercular molars, are relatively small both an- 
teroposteriorly and transversely in comparison with the inferior 
carnassial. Inspecimen 10856 M:shows an anteroposterior diameter 
of 12.8 mm., in comparison with 35.7 mm. in the carnassial. In 
the large Alaskan wolf, C. pambasileus, (no. 984, Univ. Calif. Mus. 
Vert. Zool.) the corresponding dimensions are: M., 12 mm.; car- 
nassial 29 mm. In Ms; the relative reduction 1s still more notice- 
able, this tooth measuring 7 mm. anteroposteriorly in the C. pam- 
basileus specimen and only 6.5 mm. in C. dirus (no. 10856). The 
reduction in Mz; is due in some cases to a noticeable weakness of the 
heel region. The metaconid of M2 is in some cases reduced to a 
small tubercle situated on the side of the nearly central protoconid. 
In rare cases a small tubercle is present in the paraconid region 
(fig. 8). Asarule no tubercle is present to represent paraconid or 
parastylid (fig. 10). 

A very large specimen (no. 11281) referred to C. dirus presents a 
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number of characters in which the dentition varies slightly from the 
typical individuals of this species. (See fig. 11.) At the same time 
the principal peculiarities of this specimen are those of theC. dirus 
form. P* is exceptionally massive, the transverse diameter of the 
protocone blade being relatively large. Another even larger upper 
carnassial with an anteroposterior diameter of 35.2 mm. (no. 12576) 
is relatively a little thinner transversely. In M! of specimen 11281 
the hypocone is larger than in any other individual found. It does 
not, however, reach the relatively large size of the Recent American 
wolves, nor is the hypocone ridge extended around the anterior 


Fics. 8 tro 10. Canis dirus Leidy. Mae, superior view, natural size. Fig. 8, no. 19472; 
fig. 9, no. 19473; fig. 10, no. 19474. Rancho La Brea Beds. 
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Fic. 11. Canis dirus Leidy. Upper carnassial and upper molars, occlusal view, no. 11281, 
natural size. Rancho La Brea Beds. 


side of the protocone as in the wolves of the C. occidentalis type. 
In M? also the hypocone is relatively a little larger than in the 
average of the Rancho La Brea individuals of C. dirus. The 
metacone is also relatively a little larger than in average specimens 
from this locality, having, as in Leidy’s type, nearly the size of the 
paracone. 

A lower carnassial associated with no. 11281 also indicates an 
individual of gigantic size. The characters of this tooth are those 
of the typical C. dirus. 

Specimen 11281 evidently belongs in the true C. dirus group, but 
represents an exceptionally large form varying from typical indi- 
viduals in the nature of the hypocone of M1. 
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MEASUREMENTS OF PERMANENT DENTITION 


I;, greatest transverse 
Gianieter ean 
C, greatest anteropos- 
terior diameter at 
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Pi, greatest anteropos- 
terior diameter...... 
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terior diameter...... 
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terior diameter...... 
Mi, greatest anteropos- 
terior diameter...... 
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diameter of heel..... 
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MEASUREMENTS OF PERMANENT DentiTIoN—Concluded 
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(a) No. 10856. (e) No. 10828. 

(6) No. 10834. (f) No. 11282. 

(c) No. 984, Univ. Calif. Mus. Vert. Zool. (¢g) No. 11257. 


(dZ) No. 115995, U. S. Nat. Mus. 
ap approximate. 

* Without posterior enamel. 

t Without enamel. 


Milk Dentition 


The milk dentition is well shown in several specimens. In no. 
10831 it presents the following characters: The superior temporary 
carnassial (figs. 12 and 13) has well-developed cutting blades; the 
inner root is situated almost directly above the apex of the proto- 
cone; there seems to have been no deuterocone present upon the 
base of the inner root, but there is a minute tubercle on the cingu- 
lum a short distance in advance of the base of this root, and nearer 
the normal position of the deuterocone on the permanent carnassial. 
In the inferior milk carnassial (figs. 14 and 15) the cutting blades 
are well-developed and the metaconid is small; on the heel the en- 
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toconid approaches the size of the hypoconid, and the hypoconulid 
is near the size of the entoconid. Dm; (fig. 14) possesses a large 
posterior cusp. A minute basal tubercle may be present on the 
anterior side of this tooth. 


MEASUREMENTS OF MILK DENTITION 


No. 10831 


Dm, greatest anteroposterior diameter 
Dimi eneatestranteroposteriorcram ec teria ear e eee ene etn eens 
Dmu, greatest transverse diameter across heel 
Dm, greatest anteroposterior diameter 
Dm‘, greatest anteroposterior diameter 
Dm‘, greatest transverse diameter 
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Fics. 12 To 15. Canis dirus Leidy. Milk dentition. Figs. 12 and 13, no. 19475, natural 
size; figs. 14 and 15, no. 19481, natural size. Fig. 12, upper milk carnassial, inner side; 
fig. 13, upper milk carnassial and tubercular milk molar, occlusal view; fig. 14, lower milk 


carnassial and preceding tooth, inner side; fig. 15, lower milk carnassial, occlusal view. 
Rancho La Brea Beds. 


V ertebrae 


Owing to the peculiar occurrence of remains at Rancho La Brea 
it is very difficult to obtain complete connected skeletons. The vis- 
cosity of the asphalt mass in which the bones are entombed has per- 
mitted the elements of each individual to move easily in many 
directions. It has therefore been found very difficult to obtain con- 
nected parts such as occasionally appear in most deposits of fossil 
remains. Particularly exceptional is it to find a vertebral column 
which is even approximately complete, and in which all of the ele- 
ments can be recognized as belonging to one specimen and certainly 
distinct from numberless other skeletons closely packed in the 
matrix. 

For the reasons just given it is difficult to make more certain of 
the vertebral formula of Canis dirus than to learn that the relations 
of the vertebrae where found in connected portions of the column, 
and as indicated by the fitting together of the abundant material 
available, show no indication of a variation in number of vertebrae 
from that of the modern timber wolves. 
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The aél/as is rather variable in form, but resembles that of Canis 
lupus in most respects. It differs from that of C. /upus mainly in 
the more common tendency of the transverse processes to take on 
a triangular form. In C. /upus, and in the wolves generally, the 
transverse processes of the atlas are broad transversely, and are 
formed in such a manner as to give each transverse process an ap- 
proximately quadrate form. In C. dirus the lateral margins of the 
transverse processes are sometimes so truncated that the form 
tends toward the quadrate; but in many cases the margin, begin- 
ning with the anterior notch for the vertebral artery, slopes outward 
and backward, so that each process tends toward a more nearly 
triangular form with the apex at the posterolateral angle. This 
form of atlas is shown especially well in figure 16. 


Fic. 16. Canis dirus Leidy. Atlas, inferior view, no. 10834, X 3. Rancho La Brea Beds. 
Fic. 17. Canis dirus Leidy. Axis, lateral view, no. 10834, X 3. Rancho La Brea Beds. 


Compared with the only specimens of C. occidentalis available 
for study, the atlas of C. dirus is commonly distinguished; 1) by 
the much larger opening of the vertebrarterial canal, which per- 
forates the transverse process almost normal to the blade instead of 
perforating it obliquely; 2) by the much shallower anterior notch 
for the vertebral artery; 3) by the less marked tendency of the 
transverse processes to project behind the posterior ends of the 
facets for articulation with the axis. 

The axis (fig. 17) is near that of Canis lupus in form. In lateral 
view it tends to be short and relatively high compared with most 
canids. Seen from below it is relatively wide. It is generally 
characterized by relatively short transverse processes, which often 
project little if any behind the posterior end of the centrum. A 
character which seems generally to appear in the axis of this form 
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is the presence of a shallow notch on each side in the postero-lateral 
margin of the spine between its postero-superior angle and the small 
tuberosities just above the posterior zygapophyses. This region 
of the margin is in most canids without a distinct emargination; 
there is, however, such a notch in the axis of C. occidentalts. 

The cervicals from number three to number seven do not differ 
markedly from those of the modern timber wolves. In number three 
the low spinal ridge is clearly marked in all specimens examined. 
The postero-superior tubercles above the postzygapophyses vary 
considerably in size in different individuals. The anterior and pos- 
terior limbs of the transverse processes extend slightly beyond the 
ends of the centrum. On number five the laterally directed pos- 
terior tubercles on the transverse processes are well developed. In 
number six the anterior side of the blade of each transverse process 
is commonly rather deeply notched immediately anterior to the 
base of the process arising laterad of the vertebrarterial canal. 
The inferior side of number seven is marked by a distinct median 
ridge. 

The dorsals do not differ markedly from those of C. occidentalis. 
The first dorsal is usually characterized by a relatively great trans- 
verse diameter of the postero-inferior region of the spine, and by the 
tendency to development of a deep longitudinal groove on this re- 
gion of the spine. Dorsals three to ten are distinguished from those 
of some of the other wolves by the absence of notches between the 
anterior zygapophyses and the anterior border of the transverse 
process. ‘The anterior border of the lamina in this region is usually 
only slight concave. The small tubercles which commonly ap- 
pear immediately above the rib-articulation on the transverse proc- 
esses of the third to the tenth dorsals are commonly rather small 
compared with those of many canids. On the twelfth and thir- 
teenth dorsals the metapophysial processes are not distinctly sepa- 
rated from the zygapophyses by an antero-median notch as in some 
other canids, but the inner side of the metapophyses is nearly con- 
tinuous with the prezygapophysial faces. 

The /umbars are closely similar to those of the modern timber 
wolves. They seem generally to show the same tendency of the 
inner side of the metapophyses to grade into the inner face of the 
prezygapophyses shown in the most posterior dorsals. 

The sacrum varies somewhat in form, being wider posteriorly in 
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some individuals than in others, this difference being possibly due 
to sex. It does not, however, seem to depart distinctly from the 
form seen in Canis lupus. The posterior extensions of the trans- 
verse processes of the last vertebra included in the sacrum com- 
monly extend only a short distance behind the posterior articular 
face of the centrum, but vary somewhat in this respect. The spines 
of the posterior vertebrae included in the sacrum are higher than 
in a specimen of C. occidentalis available for comparison. 

It is not easy to make certain of the form of the tail and of the 
number of vertebrae included in it; so far as can be determined, 
the number of caudals did not vary distinctly from that in C. 
occidentalis. The size of the tail as indicated by the form of the 
posterior region of the sacrum was not very different from that of 
the modern timber wolves. The individual caudal centra are not 
found to differ in form from those of the timber wolves. 

No peculiar characters are noted in the elements of the rib-basket 
and sternum. 


Extremities and Arches 


The form and proportions of the limbs in Canis dirus show that it 
was an animal constructed on much the same lines as the timber 
wolves, though somewhat heavier, with the limbs lighter in relation 
to the head. It was probably slower-footed than the modern 
forms. 

Anterior Arch and Limbs.—The scapula varies somewhat in the 
series of specimens available, but is in general hardly to be distin- 
guished from that of Canis lupus or C. occidentalis, excepting in its 
larger size. The region of the infraspinous fossa is commonly very 
wide, and the area for attachment of the teres major is distinctly 
marked. 

The Aumerus is a massive bone compared with that commonly 
seen in the Canidae. The deltoid ridge and the tuberosities are 
usually very strongly developed. The w/na and radius are both 
heavy elements. The ulna is not distinguished from that of the 
timber wolves by any sharply-marked characters. The head of 
the radius is, in general, relatively thick anteroposteriorly in cor- 
respondence to the anteroposterior thickness of the massive distal 
end of the humerus. On the distal end of the radius there is com- 
monly only a faint groove for the tendon of the extensor ossis 
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metacarpi pollicis, whereas in many modern wolves and coyotes 
this groove and the tubercle above it are clearly marked. The 
small size of the groove possibly indicates weakness of the extensor 
muscle of the thumb. A similarly shallow groove has been noted 
on one radius of a specimen of C. occidentalis. 

Study of a large series of specimens of C. dirus indicates that the 
feet are not relatively as heavy as in the large timber wolf, C. 
pambasileus. The mesopodial elements of the average specimens 
are of about the same size as those of a specimen of C. pambasileus 
in which the skull is somewhat smaller than in the average of C. 
dirus. Compared with the same skeleton of C. pambasileus, the 
average specimen of C. dirus has absolutely smaller metapodial and 
phalangeal elements. 

In the manus of C. dirus, excepting minor differences, the form 
of the elements generally resembles that of the modern wolves quite 
closely. Among the carpals, the scapholunar seems commonly to be 
distinguished by the shorter transverse diameter of the medial facet 
of the distal side upon which the trapezoid articulates. This would 
seem to indicate a smaller transverse diameter of the trapezoid and 
a corresponding narrowing of the head of metacarpal two. It has 
not, however, been noted that either of these elements is markedly 
narrowed. The metacarpals in some cases have the shaft relatively 
wide anteroposteriorly in C. dirus. In metacarpal four the anterior 
medial facet at the proximal end is developed as a relatively long 
downwardly extended surface marked by a gentle elevation at about 
the middle of its length. In C. pambasileus this facet is shorter 
vertically, and the protuberance is much more prominent. In 
some of the other canid forms, as in the domestic dog and in the 
coyote, this facet does not reach as far down on the shaft. 

So far as can be determined, the po//ex is not larger, and is prob- 
ably on the average smaller, than in the timber wolves. The find- 
ing of skeletons in which the elements are associated is very un- 
common at Rancho La Brea, and it has been especially difficult to 
make certain of the association of the smaller elements of the limbs. 
The suggestion that the pollex was small is based on the fact that 
the average of the specimens of metacarpal one in the collection is 
relatively small, this evidence being supported by that of the 
small groove for the tendon of the extensor ossis metacarpi pollicis, 
and the small, short facet for the trapezoid. 
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The average of the phalangeal elements of the anterior limb in the 


collection is smaller than in a large specimen of C. pambasileus. 
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Fic. 18. Canis dirus Leidy. Femur, posterior view, no. 10540, X #. Rancho La Brea 
Beds. 


Fics. 19 to 21. Canis dirus Leidy. Tibia, no. 19482, X 3. Fig. 19, anterior side; fig. 20, 
medial view; fig. 21, superior view. Rancho La Brea Beds. 


The terminal phalanges have stout, gently curved claw-cores, and 
are extended inferiorly as strong subungular processes. 
Posterior Arch and Limbs.—The pelvic arch is closely similar to 
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that of the timber wolves. In the posterior extremities the femur 
(fig. 18) varies considerably in the weight of the shaft, being in 
some cases heavier than in the timber wolves. The tibia is com- 
monly very massive. In the femur the greater trochanter is always 
large in adult animals, and may project upward to a point almost 
level with the proximal side of the head. The smaller trochanter 
and the spiral line below it are always well developed. The tuber- 
cle on the postero-lateral region of the shaft just above the popliteal 
surface is usually clearly marked, and is sometimes very large. 
Frequently the external epicondylic line passing through this 
tubercle is extended as a long, narrow sharp-edged ridge. 

The ¢é7a (figs. 19, 20, and 21) is usually characterized by a very 
prominent cnemial crest which fades out inferiorly in the lower 
portion of the upper third of this element. No peculiar characters 
are noted in the fibula. 

The astragalus has much the same form as in Canis pambasileus, 
excepting in the vertical diameter of the neck. The distal face for 
articulation with the navicular is transversely elongated in C. dirus 
to such an extent that the long diameter is about one-third greater 
than the short or vertical diameter. In C. pambasileus the neck 
and head are thicker, and the terminal face for articulation with the 
navicular is more nearly round. 

In the calcaneum the distal face for articulation with the cuboid 
tends to be a little narrower transversely and more nearly quadrate 
in form in C. pambasileus than in C. dirus. The cuboid is a little 
narrower transversely in proportion to its length, and the distal face 
for articulation with metatarsals four and five somewhat narrower 
in C. dirus than in C. pambasileus. Corresponding to the form of 
the head of the astragalus the zavicular is relatively narrow antero- 
posteriorly or vertically in C. dirus. It is also noted that in this 
species the small posterior facet which meets the calcaneum is rela- 
tively larger than in C. pambasileus. ‘The cuneiform elements are 
not materially different from those of the modern wolves. 

The metatarsals, like the metacarpals, are relatively somewhat 
shorter in the average specimen of C. dirus than in C. pambasileus, 
though large specimens are present which exceed the largest meas- 
urements known in the latter form. The metatarsals of C. dirus, 
even where shorter absolutely than in C. pambasileus, are distinctly 
wider anteroposteriorly in the upper half of the shaft. Metatarsal 
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I of C. dirus does not appear to show any noteworthy difference 
from that of the modern wolves. It is at least as large relatively 
as in C. pambasileus. Metatarsal II (fig. 23) is slightly narrower 
transversely at the proximal articular end than in C. pambasileus, 
and the angle on the median side of the shaft is less distinctly 
marked than in that form. Metatarsal IV, in addition to the 
greater anteroposterior width of the shaft, shows a sharper antero- 
median angle in the middle third of the shaft. Metatarsal V 
(fig. 22) is very distinctly wider anteroposteriorly in C. dirus than 
in C. pambasileus and C. occidentalis. It is further characterized 
by the great prominence of the tuberosity external to the proximal 
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Fics. 22 anp 23. Canis dirus Leidy. Méetatarsals, no. 19475, X 3. Fig. 22, right meta- 
tarsal five, medial aspect; fig. 23, right metatarsal two, lateral aspect. Rancho La Brea 
Beds. 


articular facet; in this character it is, however, not distinctly differ- 
ent from C. occidentalis. 

As nearly as can be determined, relatively small size of the proxi- 
mal phalanges obtains in the hind feet, as in the anterior extrem- 
ities. 

MEASUREMENTS OF IMPORTANT SKELETAL PARTS 


The following measurements are taken from skeletal elements representing individuals 
of relatively large size. It is not certain that any two of the elements chosen represent the 
same individual. 

PEAS MO LeAtESEAtCANS Verse) diaMetena.. 426 a. ct esee santa ne cle vena se eae. 120.5 mm. 
Axis, greatest anteroposterior diameter of neural spine....................--- 73.7 
Beanulampceatestneigiean ve mnvaa kore ciicae stern Craven oe a bak a ala 201 
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Plevis, greatest length yay c cy si uit Naam ath lecal DH ap ee AWA Rt ed Ute Rr aa 228 mm. 
Humerusiereatest lengthy aun sais) mula eee al Hai ae eA RO DR ne 240 
Radius;igreatestilength tue uanielehen Cini menu Ant evanaeeenctete ROR gH URN Mates 220 
Metacatpalifouryeneatestileng ther iia eine eran Ritictes doa ae gave 90.5 
Hemuty preatestelengthia yin ea Wieuat Riedie inc aL Aae PRUNE usin An Bel ann ERB 260 

a ibia, ereatestilenp this saa nAa ir ier tsa ra aie ea Ue me ava ee 237 
Metatarsal four\ereatestllengthumm a er een ye reise ni en eae arian ee 102.3 


Comparison of Rancho La Brea Specimens with Previously 
Known Material 


Comparison with the Type Specimen.—In order to fix the system- 
atic position of the California species satisfactorily it was con- 
sidered of the utmost importance to make a comparison with 
Leidy’s type specimen. Mr. Witmer Stone of the Philadelphia 
Academy of Natural Sciences responded most cordially to a request 
for the loan of the original specimen, making it possible to com- 
pare the California collection with the type. 

As a result of the comparison of the type with a large number 
of the specimens from the asphalt deposits, there appears to be 
no essential difference between the Indiana and the California 
forms. Such differences as exist are hardly greater than the minor 
individual differences among California specimens evidently repre- 
senting one species. 

In the type specimen (pl. 25, fig. 3) the form of M!, the most 
important tooth of the upper dentition, differs from that of the 
other wolves and resembles the California specimens in the extreme 
reduction of the hypocone. The form of this tooth is in general 
similar in the Indiana and California forms. If any difference 
is noticeable, it is in the slightly wider bases of the paracone and 
the metacone, and in the distinctly concave posterior border of the 
average California specimen. Numerous individuals are present 
in the California collection in which the outer pair of tubercles does 
not show a broader base than in Leidy’s type. The posterior 
border of most of the California specimens is generally rather 
sharply concave immediately behind the depression for the recep- 
tion of the hypoconid of M;. In the type the posterior border is 
very slightly concave at this point. In the type specimen the 
enamel has been almost entirely broken away from the outer and 
posterior sides of the metacone; and as the extension of the cingu- 
lum around the postero-external angle of the tooth is largely re- 


FAUNA OF RANCHO LA BREA: CANIDAE 789 


moved, the border appears unnaturally straight. In a few Cali- 
fornia specimens the posterior border is almost as straight with the 
postero-external portion of the cingulum present as it now appears 
in the type specimen with the enamel absent from this region. 

In the type specimen the cingulum of the anterior side of the 
paracone of M! appears relatively weak owing to the breaking away 
of the enamel immediately above the lower border of the cingu- 
lum. Judging from its sharp inferior ridge, the cingulum in this 
region was fully as strongly developed originally as in the Rancho 
La Brea specimens. 

In Leidy’s description attention is called to the greater abrupt- 
ness of the external portion of the basal ridge or cingulum than in 
the Recent wolves. In the type specimen the external portion of 
the cingulum of M? is marked by a fairly sharp ridge extending 
along the base of the paracone. This ridge is better developed 
than in most of the large modern wolves, and the inferior side of 
that portion of the cingulum bordering the posterior part of the 
base of the paracone forms a somewhat sharper ridge than in the 
average of the Rancho La Brea specimens. In some of the Cali- 
fornia specimens, however, the form and strength of the external 
cingulum correspond quite closely to what we see in the type. 

The form of M? in the type does not differ materially from that 
in the California specimens. The anterior end of the hypocone is 
extended around the inner and anterior side of the protocone, 
whereas in many of the California specimens it is interrupted on the 
antero-internal region of the tooth. There are, however, a num- 


ber of individuals from Rancho La Brea in which precisely the 


relations shown here are exhibited. In this tooth the metacone 
appears to approach the size of the paracone rather more closely 
than in most of the California specimens. The enamel being re- 
moved from both tubercles, it would be unsafe to accept the rela- 
tive dimensions as certainly representing the true external form. 
Moreover, some of the Rancho La Brea specimens show prac- 
tically the same relative dimensions of paracone and metacone as 


appear in M? of the type specimen. 


The superior carnassial of the type is badly broken, and shows 
nothing of the protocone blade. The antero-internal root does 
not extend far in toward the median line, indicating a small deu- 
terocone as in the California specimens. 
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The form of P? and P? of the type is closely similar to that of 
the California specimens. The extraordinarily strong internal 
cingula and the strong antero-internal ridges which Leidy men- 
tions as occurring on these teeth in the type are noticed also in 
most of the Rancho La Brea specimens. 

The form of the maxillary bone of the type is not noticeably 
different from that in the California species, excepting that the 
superior border of the infraorbital foramen is situated a little lower 
than in the larger specimens from Rancho La Brea. 

Comparison with Cope’s Texas Specimen.—Yhe material which 
Cope described from the Texas Pleistocene includes very little on 
which to base a comparison. Fortunately the first upper molar 
(pl. 25, fig. 5), which is the most characteristic tooth in the whole 
dental series of C. dirus, is represented. The dimensions of this 
tooth, as nearly as can be determined from Cope’s figure of the 
specimen, are near to those of the type and to those of the Cali- 
fornia specimens. The general form of the tooth is clearly similar 
to that of both the type and the California material in the essen- 
tial characters. The hypocone is greatly reduced, and the pro- 
tocone is of moderate size, while the paracone and metacone are 
rather large. According to Cope’s description and figure, the al- 
veolus of the antero-internal root of the superior carnassial extends 
far forward so that its anterior border overlaps the posterior third 
of P’. Such a form in this root has not been exactly duplicated 
in the California material, although it is suggested in one specimen. 
If it is normal it would probably constitute a valid character dis- 
tinguishing the Texas form. It is conceivable that the form of 
root seen here is abnormal. It seems quite unnecessary unless 
the deuterocone were very largely developed, and since the hypo- 
cone of M! is much reduced and the crushing power weak it is not 
probable that the deuterocone of P4 was unusually developed. 

Cope noted that the Texas specimen differed from Leidy’s type 
in the following particulars: P? distinctly longer and the external 
cingulum weaker; internal root of P* extended farther forward; 
protocone of M! less conic than in the type and external cingulum 
of M1 weaker. He suggested that the difference in the external 
cingula might be due to age, and was inclined to consider the two 
individuals as representing the same species. 
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In Cope’s figure of the Texas specimen’ there is a suggestion 
of a break at the postero-external angle of M', which has carried 
away the cingulum at this point. If this is the case, the antero- 
posterior diameter of M! would be shortened, and the length of 
P? would appear relatively large. The character of the external 
cingulum is found to be quite variable in the Rancho La Brea 
series of specimens. The nature of the antero-internal root of P4 
has been referred to above by the writer. The slight difference 
in the degree of lateral compression of the protocone of M! is fully 
equalled among the individuals of the Rancho La Brea series. 

So far as evidence is available, there seems to be good reason for 
considering the California and Texas forms as closely related, if 
not identical species. 

Comparison with Material from Sheridan Formation.—A specimen 
in the collections of the American Museum which was obtained 
in the Sheridan formation of Kansas evidently represents Canis 
dirus. It consists of a lower jaw (no. 10391 Amer. Mus. Nat. Hist.) 
with well-worn dentition. Measurements of the mandible and 
dentition correspond closely with those of average specimens of 
C. dirus from Rancho La Brea, as is shown in the table of measure- 
ments on page 778. The mandible is exceptionally high and thick 
as in C. dirus. The massive sectorial is indistinguishable in form 
from that of C. dirus, as is also M:. Py is noticeably large com- 
pared with the corresponding tooth in C. occidentalis, and in this 
respect resembles C. dirus. The Sheridan Beds are presumed to 
represent an early phase of the Pleistocene. 

Comparison with Material from the Valley of Mexico.—Of consider- 
able interest in connection with a study of the distribution of the 
American Pleistocene fauna is the occurrence in the Valley of Mex- 
ico of remains indistinguishable from the specimens of Canis dirus 
from Rancho La Brea. 

The recent investigations of Freudenberg” have shown the exist- 
ence in Mexico of a varied mammalian fauna, which resembles in 
many respects the Pleistocene fauna of me California region. 
Included i in the assemblage are several specimens of a large wolf. 


16 Cope, E. D., Jour. Acad. Sc. Philad., ser. 2, vol. 9, pl. 21, fig. 15, 1895. 
17 Freudenberg, W., Geol. u. Palae. Abh., N.F., Bd. 9, Heft 3, 1910. Die Sdugethier- 


fauna des Pliocins und Postpliocans von Mexico. 
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Photographs and a cast of the best preserved specimen!® which 
Dr. Freudenberg very kindly placed at the writer’s disposal repre- 
sent an animal which does not appear to be specifically distinguish- 
able from the Rancho La Brea form of C. dirus. No remains of the 
dentition of the Mexican type seem to have been obtained, so that 
a fully satisfactory determination of the characters is not possible, 
but the close relationship of the forms is evident from such com- 
parisons as can be made. Especially noticeable are the similarity 
in size, in the form of the occipital region, and in the nature of the 
overhanging inion region (fig. 24). The last character seems 
to be practically diagnostic of the C. dirus group. In the large 


PERT a Soe 
j STS. eee 3é 
CTP EAIT, SET SHKS BOA STORL Oy > = 
SEAS MP ERE Reo 
re 10% <a Xi: SS WSS xX = 
. N Se agi: 
YS SSRs 6 


Fic. 24. Canis dirus Leidy. Posterior portion of a cranium, X 3. Tequixquiac, Mexico. 
Adapted from Freudenberg. 


number of specimens available in the collections from Rancho La 
Brea the individuals unquestionably included in the species re- 
ferred to C. dirus show considerable range of size and form. The 
Mexican species falls well within the range of variation of the 
Rancho La Brea specimens. The marked angle in the forehead of 
the Mexican specimen, formed by the sharp downward slope of the 
fronto-maxillary region above the orbit, is matched by the contour 
of the skull in several specimens representing old individuals from 
Rancho La Brea. 

Comparison with Previously Described Californian Material—The 
specimens already described from California, comprising the man- 


18 See Freudenberg, idid., Taf. 6, figs. 2, 3, 4. 
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dible from Livermore Valley!® and the fragment of a lower jaw from 
Tulare County?°, may both presumably be included within the 
limits of Canis dirus. The jaw from Livermore Valley (fig. 25), 
as shown by the table of measurements below, is closely similar in 
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Fic. 25. Canis dirus Leidy. Right ramus of mandible, X 3. Livermore Valley, Cali- 
fornia. Adapted from Leidy. 
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Fic. 26. Canis dirus Leidy. A portion of the left ramus of the mandible, X 3. Oil 
Springs, Oil Cafion, Tulare County, California. 


dimensions to specimens from Rancho La Brea. The specimen 
from Tulare County (fig. 26) seemed to show a somewhat heavier 
jaw than the individuals from Rancho La Brea. This may have 
been due in part to crushing, as the specimen was much broken. 
The measurement of the canine is much smaller than that in the 


19 Leidy, J., Geol. Surv. Terrs., vol. 1, Foss. Verts., p. 230, 1873. 
20 Merriam, J. C., Univ. Calif. Publ. Bull. Dept. Geol., vol. 3, no. 14, p. 288, 1903. 
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larger individuals from Rancho La Brea, but was evidently taken 
somewhat higher up on the cone of the tooth. Considering the 
amount of variation known in the specimens at Rancho La Brea, 
there seems to be good reason for including both the Livermore 
Valley and Tulare County specimens in the group of Canis dirus. 


CoMPARATIVE MEASUREMENTS 
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ap approximate. 


A fragment of a large wolf jaw (no. 5018) obtained in the Pleisto- 
cene deposits of Potter Creek Cave, Shasta County, California,”! 


CoMPARATIVE MEASUREMENTS 
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ap approximate. 
(a) No. 115995 U. S. Nat. Mus. 
(4) No. 8321. Calif. Mus. Vert. Zool. 


21 Univ. Calif. Publ. Am. Arch. Ethn., vol. 2, no. 1, p. 17, 1904. 
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shows some of the characters of Canis dirus, as is indicated in the 
table of measurements above. The inferior carnassial is larger 
than that of the Recent wolves, but the heel is much narrower than 
in the typical C. dirus, and the inferior premolars are relatively 
very small. The only specimen known is so fragmentary that 
final judgment as to its affinities should probably be withheld until 
better material can be obtained, but there does not seem to be suffi- 
cient evidence available to warrant definite separation of the Potter 
Creek form from the group of C. occidentalis. 


CANIS MILLERI, N. sp. 
Text figures 27 to 31 


Type specimen, a skull with lower jaw, no. 11257, University of 
California Collections in Vertebrate Palaeontology. Found four 
feet below the surface in the asphalt deposits at Rancho La Brea. 
The species is named in honor of Dr. L. H. Miller, whose assistance 
in furthering the investigations at Rancho La Brea has been greatly 
appreciated by the writer. 

Skull and dentition (figs. 27, 28, 29, 30, and 31) intermediate 
between Canis occidentalis and C. dirus. Characters differing from 
those of C. dirus as follows: Skull much smaller. Nasals narrower 
posteriorly. Nasal processes of frontals broader and extending 
much farther forward. Fronto-facial region relatively flat, and 
postorbital processes of frontals small. Sagittal crest low. Over- 
hang of inion relatively small. Sharp median ridge of occiput 
wanting. Posterior palatine foramina relatively far forward. 
Lower jaw slightly narrower anteriorly than in typical C. dirus. 
Teeth relatively large, P* and M;, especially heavy. M! (fig. 31) 
with unusually large hypocone, which extends around the antero- 
internal region of the protocone, and is connected with a low shelf 
of the cingulum on the anterior side of the tooth. P, with a dis- 
tinct posterior cusp. M4 relatively large. 

The skull of Canis milleri differs markedly from that of C. occi- 
dentalis in its greater width, especially in the palate, and in the 


much more massive dentition. P4 and M! are much larger in pro- 


| 
] 


} 


portion to the size of the skull than in any of the true timber 


wolves. P4 greatly exceeds the relative dimensions in typical 
_C. occidentalis. In the general form and massiveness of P*, this 
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species closely approaches C. dirus, from which it is, however, 
clearly separated by other characters as indicated above. The 
nearest approach to the assemblage of characters seen in C. milleri 


eoceerse* 


28 
Fics. 27 anp 28. Canis milleri Merriam, J. C. Skull, no. 11257, X 4. Fig. 27, lateral 
view; fig. 28, superior view. Rancho La Brea Beds. 


is found in C. occidentalis furlongi. From this form C. milleri is 
distinguished by greater width of skull, especially in the palatine 
region; greater interorbital width of the frontal region; shorter and 


| 
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wider nasals; longer nasal processes of the frontals; somewhat heavier 
upper carnassials; and wider inner lobes of the upper molars. 

The form seen in skull no. 11257 was at first considered as prob- 
ably representing a young female of Canis dirus, the peculiar as- 
semblage of characters observed being in part such as might occur 
in young individuals of this sex. Careful analysis of the collection 
does not, however, support this view. A study of between forty 


Fics. 29 anp 30. Canis milleri Merriam, J.C. Skull, no. 11257, X 3. Fig. 29, posterior 


view; fig. 30, inferior view. Rancho La Brea Beds. 


and fifty skulls of C. dirus shows no other specimen exhibiting the 
characters seen here, though there are available well-preserved 
specimens representing all stages of development, from forms with 
milk dentition to very aged individuals with teeth nearly worn 
away. In the collection of specimens unquestionably referred to 
C. dirus there is much variation in many of the characters, par- 
ticularly in size, and there is reason to believe that among the 
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adults a number of the lighter skulls with weaker muscle attach- 
ments represent females. It is, to say the least, highly improbable 
that skull no. 11257 represents the only female in this collection. 
That the characters of youth added to those of sex are competent 
to extend the range of form in C. dirus so far as to reach the as- 
semblage of characters seen in specimen no. 11257 seems also im- 
probable. This skull is that of a young adult much beyond the 
stage of development of many C. dirus specimens in which the typ- 
ical characters of the species are strongly expressed. Moreover, 
the variation in form of the nasals and nasal processes of the frontals 
is just opposite to that which would be expected in youthful ani- 
mals. In all young specimens the nasal processes of the frontals 
are exceptionally short, while in no. 11257 they are larger than in 
any other individuals, including those of advanced age. 


Fic. 31. Canis milleri Merriam, J. C. Superior carnassial and superior molars, occlusal 
view, no. 11257, natural size. Rancho La Brea Beds. 


The Miller wolf was an animal about as large as the modern 
timber wolf, but with a relatively shorter and heavier head. It is 
to be presumed that the living animal differed very noticeably 
from the dire wolf in size and in general contour of the body. Of 
the Miller wolf as yet we know with certainty only the skull. The 
species was evidently a relatively rare form at Rancho La Brea, 
but may have been much more common in other regions at the 
time this deposit was forming. 

For measurements of Canis milleri see table of comparative meas- 
urements of skull, p. 771, and dentition, p. 778. 


CANIS OCCIDENTALIS FURLONGI Merriam, J. C. 
Text figures 324 to 336 


Canis occidentalis furlongi Merriam, J. C. Univ. Calif. Publ. Bull. Dept. 
Geol., vol. 5, p. 393, 1910. 


There are in the collections from Rancho La Brea several frag- 
mentary specimens representing a wolf species near Canis occiden- 
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talis. One of these specimens was made the type of a new sub- 
species in the publication cited above. The type material of the 
Rancho La Brea form when compared with typical C. occidentalis 
exhibits a tendency to relative narrowness of the nose, the superior 
carnassial tends to be relatively massive, and the second upper 
molar seems relatively narrow anteroposteriorly. 

The Rancho La Brea specimens originally referred to C. occi- 
dentalis furlongi differ from C. dirus particularly in the form of M} 
(figs. 32a and 324). This tooth is relatively wide transversely, the 
inner lobe is relatively narrow anteroposteriorly, and the hypo- 
cone is relatively large. The hypocone has approximately the size 


32C 


Fics. 324 to 32¢. Canis occidentalis furlongi Merriam, J. C. No. 11283. Fig. 32a, por- 
tion of the skull with dentition, inferior aspect, X 3; fig. 324, M! and M2, occlusal view, 
natural size; fig. 32c, portion of lower jaw with molars, X 3. Rancho La Brea Beds. 


and form seen in average specimens of wolves in the C. occidentalis 
group, and as in that species the anterior end of the hypocone 
ridge swings forward around the anterior side of the protocone 
instead of being interrupted as in C. dirus. 

In a fragment of a mandible (fig. 32c) accompanying the upper 
jaw specimen most clearly resembling C. occidentalis, the carnassial 
shows a metaconid even weaker than that of C. dirus, while the 
entoconid is slightly larger than in average C. dirus specimens. 
On M, the protoconid seems slightly smaller and the heel region 
relatively larger than in C. dirus, though the metaconid is small 
compared with the protoconid. The proportions of the talonid 
region with reference to the trigonid are much as in C. occidentalis. 
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In one of the small specimens (no. 10733) of the C. occidentalis 
type from Rancho La Brea the hypocone of M! is rather small, 
though larger than in the typical C. dirus, and the anterior exten- 
sion of the hypocone ridge around the anterior side of the protocone 
is barely interrupted. MM? is in this specimen of the narrow form 
with small metacone and hypocone. P#* differs from the cor- 
responding tooth of C. dirus in being very narrow instead of wide 
posteriorly, and in the almost entire absence of a posterior basal 
tubercle behind the posterior cusp. The portion of the palatine 
region present seems to narrow anteriorly. This specimen varies 
in some respects toward C. dirus, but the size, general form, and 
especially the proportions of M! indicate that it belongs with the 
group of individuals referred to C. occidentalis furlongi rather than 
to C. dirus or to C. milleri. 

A small wolf skull, no. 19792, of the C. occidentalis type, obtained 
at Rancho La Brea by Dr. L. H. Miller, resembles C. occidentalis 
furlongi in the characters of the upper molars, and is referred to 
that form. This specimen (figs. 33¢ and 334) differs widely from 
C. dirus, and in most characters in which it differs from C. dirus, 
it resembles C. occidentalis. The skull is much smaller than in 
C. dirus, and is also relatively narrower. The nasal bones are 
long and narrow. ‘The postorbital processes of the frontals are 
small, the sagittal crest is low, and the inion does not show the 
extraordinary overhang so characteristic of C. dirus. The posterior 
narial opening is narrow at the anterior end, instead of flaring as is 
commonly seen in C. dirus. The posterior palatine foramina are 
situated relatively far forward as in C. occidentalis. ‘The molars 
are of the C. occidentalis form. 4 is, however, much heavier than 
in the modern wolves and resembles closely P* of C. milleri. In 
the northern wolves of the C. pambasileus type the upper carnassial 
may be quite massive, but falls considerably below the stage of 
development seen in this form. 

Although there is a noticeable variation in the size of the teeth 
in the Rancho La Brea specimens referred to C. occidentalis fur- 
longi, this material seems to represent a single form which differs 
from the modern gray wolves at least to the extent of subspecific 
variation. 

This wolf type was evidently relatively rare compared with C. 
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dirus, and was much less common than the coyotes in this particu- 
lar region. From what is known of the distribution of wolves of 
the C. occidentalis type it is doubtful whether they have ever been 
relatively abundant in the region of southwestern United States, 


Fics. 33a anD 334. Canis occidentalis furlongi Merriam, J.C. No. 19792, X 3. Fig. 33a, 
skull superior view; fig. 334, skull inferior view. Rancho La Brea Beds. 


as C. dirus was certainly the dominant species through a consider- 
able part of Pleistocene time, and the coyote group has apparently 
been the most abundantly represented canid type since the disap- 
pearance of C. dirus. 
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MEASUREMENTS OF DENTITION AND SKULL 
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(a) No. 10834 
(6) No. 11257 
(c) No. 1308. U.S. Nat. Mus. 


CaNIS OCHROPUS oRCUTTI Merriam, J. C. 


Text figures 34 to 40 


Canis orcutti Merriam, J. C., Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, 
p. 391, 1910. 


Type specimen, no. 10842, University of California Collections 
in Vertebrate Palaeontology. From the asphalt beds of Rancho 
La Brea, California. ) 

The specimens referred to this form are next in number to those 
representing Canis dirus in the beds at Rancho La Brea, but are 
relatively rare compared with remains of that species. Though 
several factors may have tended to keep the number of coyotes 
entangled in the asphalt down to a percentage of the whole popu- 
lation somewhat less than in the case of the great wolves, it is 
probable that the smallness of the number of coyotes recovered is 
due mainly to an absolutely much smaller representation of these 
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forms in this region during the time of accumulation of the asphalt 
beds. 

It is hardly to be presumed that coyotes would avoid the flat 
land bordering the hills to such an extent as to reduce the per- 
centage of individuals entangled much below that in the case of 
C. dirus, though this might be true of the timber wolves. The 
principal factors which may have contributed to keep down the 
percentage of coyotes captured by the asphalt seem to be, nature 
of the lure attracting wolves, mode of hunting, and possible differ- 
ence in intelligent recognition of the danger encountered. Most of 
the carnivores engulfed in the tar have been captured in one of 
three ways: by accidental crossing of soft tar pools, by the lure of 
water pools in association with tar springs, and by the lure of en- 
tangled animals which might serve as food. Accidents under the 
first two heads would occur with about the same frequency in the 
two groups of wolves unless in one of them a grade of intelligence 
was developed which enabled the individuals to obtain a relatively 
better knowledge of danger signs. Whether the coyote was the 
more intelligent animal is not easily determined. It did, however, 
possess a relatively larger, though absolutely smaller, brain. It is 
not improbable that its sight, hearing, and smell were more acute 
than in the great wolf. If this be true, there is reason to suspect 
that the coyote would more readily perceive and avoid a danger 
not unusual in this region. 

The third factor, lure of animals, is the only one of the three 
which seems to hese significance worth more than passing mention 
in this connection. Judging from such evidence as we have, it 
seems probable that the great wolves were powerful enough to prey 
upon animals of considerable size, that they were so constructed 
as to make the tearing apart of large animals fairly easy work, and 
that they were numerous enough to make hunting in packs a nat- 
ural method of attack. The coyotes evidently preyed upon small 
mammals and birds, and hunted alone or in small groups. In all 
of the asphalt collections brought together thus far the number of 
individuals representing the larger mammals has been unexpectedly 
great compared with that of the smaller forms, and the number of 
birds which would naturally serve as food for coyotes is also small. 
It may therefore be true that the lure for large wolves was excep- 
tionally good. It is to be noted, however, that even compared 
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with a small number of individuals representing the smaller mam- 
mals the number of coyotes is small. It seems therefore possible 
to explain the number of coyotes present either on the supposition 
that, owing to much superior intelligence, out of a large number 
relatively few succumbed to accidental encountering of the tar, or 
to the attraction of living bait, or on the theory that the number of 


an 


Fics. 34 anp 35. Canis ochropus orcutti Merriam, J. C. Skull, no. 10842, X 3. Fig. 34, 
lateral view; fig. 35, posterior view. Rancho La Brea Beds. 


coyotes in the region was absolutely very much smaller than that 
of the great wolves. The latter view seems to give the principal 
reason for the small representation. 

This subspecies is closely related to Canis ochropus now living in 
southern California. The skulls of Canis ochropus orcutti average 
somewhat larger than in the living C. ochropus, and are noticeably 
broader across the palate and zygomatic arches (figs. 34, 35, and 40). 
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The mandible is considerably higher, particularly below the molars, 
and is also thicker transversely than in the living form of this 
region. The dimensions of the teeth do not vary greatly from the 
living species excepting in the thickness of both the upper and lower 
carnassials, which are heavier in the fossil form (figs. 364 and 360). 
M! tends also to be somewhat heavier than in the typical C. ochro- 
pus, and in this respect more nearly approaches the typical C. 


36a 366 


Fics. 364 anD 364. Canis ochropus orcutti Merriam, J. C. Fig. 36a, superior carnassial 
and molars, occlusal view, no. 19791, natural size; fig. 364, inferior cheek-tooth dentition, 
occlusal view, no. 10842, X 3. Rancho La Brea Beds. 


Fic. 37. Canis ochropus orcutti Merriam, J. C. Inferior view of atlas, no. 10842, X 4. 
Rancho La Brea Beds. 

Fic. 38. Canis ochropus orcutti Merriam, J. C. Lateral view of axis, no. 10842, X 4. 
Rancho La Brea Beds. 

Fic. 39. Canis ochropus orcutti Merriam, J.C. Metatarsus, X 3. Rancho La Brea Beds. 


latrans. In M, the metaconid seems to be slightly less prominent 
medially than in the typical C. ochropus, possibly owing to the 
greater thickness of the trigonid blade in the fossil form. 

The form from Rancho La Brea differs from the typical C. latrans 
and resembles the type of C. ochropus in the relatively narrow an- 
teroposterior diameter of M!. M2? is sometimes smaller than in 
either the typical /atrans or the typical ochropus form. 
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A skeleton of this species which has been assembled from parts 
of separate individuals shows little difference from that of the liv- 
ing C. ochropus of this region. It is evident that the coyote of 
Rancho La Brea was a slender-legged creature, and was swift- 
footed like its living relative. 

In the collection of canid forms from Rancho La Brea there are 
a number of fragmentary specimens representing parts of the 
cranium of small coyotes which are hardly to be distinguished from 
the corresponding regions in the skull of typical C. ochropus. It is 
not impossible that two forms, typical C. ochropus and C. ochropus 
orcutti, were present. It is also possible that all of the forms of 
Rancho La Brea should be included in one variety which should go 
under the name of the living ochropus. From such material as is 
available the writer is, however, inclined to believe that the Rancho 
La Brea form differs somewhat from the living type; and if all of 
the individuals are to be included in one subspecies, the use of 
the name C. ochropus orcutti for the group more truthfully repre- 
sents the facts than would designation as typical C. ochropus. 
With a much larger series of specimens available it is possible that 
a further separation of the coyotes would be possible. 


MEASUREMENTS OF SKULL AND DENTITION 
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MEASUREMENTS OF SKULL AND DENTITION—Continued 


C. o. orcutti (a) 
Rancho La Brea 


large specimen 
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C. o. orcutti (d) 
small specimen 
Rancho La Brea 


13.3 mm. 
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CANIS ANDERSONI Merriam, J. C. 
Text figures 41 and 42 
Canis andersoni Merriam, J. C., Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, 


p. 393, 1910. 


C. latrans (d) 
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C.andersoni (e) 
type specimen 
Rancho La Brea 


Type specimen no. 12249, University of California Collections in 
Vertebrate Palaeontology. From the asphalt beds of Rancho La 


Brea, California. 


A single specimen in the collections from Rancho La Brea repre- 
sents a short-headed, coyote-like wolf quite different from any 
form known to the writer. The skull (figs. 41 and 42) is about as 
broad as that of Canis ochropus but is relatively very short, with a 
relatively short and broad muzzle. This difference is noticeable 
also in comparison with the typical C. /atrans. Though this speci- 
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men represents a young individual, the permanent dentition had 
been complete and there is no reason to believe that the form and 
proportions of the skull would have changed materially in later 
life. Of the dentition only the superior carnassials have been 
preserved. These teeth have approximately the size of those in 
C. ochropus, but appear slightly thicker. A number of minor differ- 
ences between this specimen and typical representatives of the 
known coyotes may have specific or subspecific value, but their 
estimation is not possible with any degree of satisfaction when only 
one specimen is available for comparison. 


Fic. 40. Canis ochropus orcutti Merriam, J. C. Superior view of skull, no. 12264, X 3. 
Rancho La Brea Beds. 

Fics. 41 anp 42. Canis andersoni Merriam, J. C. Skull, no. 12249, X 3. Fig. 41, su- 
perior view; fig. 42, inferior view. Rancho La Brea Beds. 


It is to be hoped that other material representing this form may 
be obtained so that some conception of the outlines of the body may 
be possible. 


MEASUREMENTS OF SKULL AND DENTITION 
No. 12249 


Length from anterior end of premaxillaries to posterior side of occipital condyles.. 166.1 mm. 
Wideth)across;zygomaticiarches!:) (cic nn) 2 Ru ce SHARIA Ry ay arate ae yA ART ae eT 91 
Wiidthibetweenjoutensidesiotitrtocones\o tania senna nent aries See een 56 
Weastiwidthbetween\superion bord ers) OlOnDItsEnae ere een renner en iriials S19 
Width between postorbital processes of frontals.................-----+++e0-- 38.2 


Length, posterior side of superior canine to posterior side of M?............... 64.5ap 
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MEASUREMENTS OF SKULL AND DEnTITION—Continued 
No. 12249 


Wenachancerion sic clos: itopostenionyside oh Maree nse ioral 36.54ap mm. 
PEMATICCT OPOSLENION GIamMmetch yen iim wal P ue) sla) Alas) sat sete Us closes a) 20 
Pamehi cksmeSs ta ChOSSwPNOLOCOMen wrtays yiersialai aac iaiesiols sbelti nls late sissies eel edetas 7.8 


ap approximate. 


Urocyon cALirornicus Mearns 
Text figure 43 

A finely preserved skull (fig. 43), no. 12263, represents a form al- 
most identical with the existing Urocyon californicus of southern 
California. As is indicated in the table of measurements below, 
the dimensions are very close to those of two Recent specimens 
from the San Jacinto region not far distant. It is interesting to 
note that this form has survived to the present day with less modifi- 
cation than the other canid types. 


La Brea Beds. 


Portions of the lower jaw and dentition of a form evidently repre- 
senting this species are also known from Rancho La Brea. 


MEASUREMENTS OF SKULL AND DENTITION 


No. 12263 No. 2324a No. 231624 
Rancho La Brea Recent Recent 


Length of skull, anterior end of premaxillaries to posterior 


siolepoccijitalicondyleskinonea seas acces aera alas Ge IDS woven, TUS AB} 
Nytclehvacrossizygomaticiarches.. asda sss. sees 68.2 64.4 67.6 
Least width between superior borders of orbits.......... 23.8 DS HD 
Width of palate between inner borders of second upper 

TG HAT SMM VS TN acy cynics eibiaia th gia: ole 4% anand! al rt as 17 1S |< alis}¢) 


Length of superior dental series from anterior side of canine 


AINTCOES Wo OBA? HS OHM oe, ooao soo Gueoobooden MV of oO BF 
Length from anterior side of P4 to posterior sideof M?.... 22.3 MBS) BBS 
P*, anteroposterior diameter along outer border.......... DY) 10 ny 
M!, anteroposterior diameter along outer border......... 7.5 8.4 Goll 
mMUNereatest transverse diameter....................+.- 10.6 11.4 10.5 
M?, anteroposterior diameter along outer border......... 5.4 6 5.6 
M?, greatest transverse diameter................00.005- 7.9 8.2 7.4 


a Univ. Calif. Mus. Vert. Zool. 
Date of issue, October 25, 1912 
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Memoirs Univ. Catir., voi. 1, no. 2 
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Memoirs Univ. Cauir., vou. 1, no. 2 
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[MeERRIAM] PLATE 25a 


Rancho La Brea Beds 


Skull, no. 10834, lateral view, <2. 


Cants dirus Leidy. 


Fic. 1. 


[MERRIAM] PLATE 255 


Memoirs Univ. Catir., vou. 1, no. 2 
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Skull, no. 19796, infer 
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M? and M? of the type specimen 
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Rancho La Brea Beds. 
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M? and M? of specimen no. 10856 


Fic. 5. P3 and M! of the Texas specimen 


Fic. 4. 
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[MERRIAM| PLATE 264 


Memoirs Univ. Cattr., vou. 1, no. 2 


Memoirs Univ. Cauir., vou. 1, no. 2 
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» Superior view 


Skull of unusual relative breadth, no. 19796 
La Brea Beds 


Canis dirus Leidy. 


Memoirs Univ. Cauir., voi. 1, No. 2 [MERRIAM] PLATE 274 


Canis dirus Leidy. Scapula, outer side, no. 12963, X 3. Rancho La Brea Beds 


[MERRIAM| PLATE 270 


Memoirs Univ. Catir., vou. 1, No. 2 
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Memoirs Unity. Catir., vou. 1, no. 2 [MERRIAM] PLATE 284 


Humerus, anterior view Ulna, lateral view Radius, anterior view 


Canis dirus Leidy. Rancho La Brea Beds 


Figures approximately three-fifths natural size 


Memoirs Univ. Cauir., vou. 1, no. 2 [Merriam] PLATE 285 


Femur, anterior view Tibia, anterior view 


Canis dirus Leidy. Rancho La Brea Beds 


Figures approximately three-fifths natural size 


THE SKULL AND DENTITION OF A CAMEL FROM 
THE PLEISTOCENE OF RANCHO LA BREA 
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INTRODUCTION 


cene of North America, and are widely distributed over the 
continent, up to the present time the material obtained 
has been very fragmentary, and the available information corre- 
spondingly unsatisfactory. So far as known to the writer, the best 
specimens described consist of small parts of the skeleton, the skull 
being represented by jaws and very incomplete cranial material. 
Owing to the nature of the material available, the North Amer- 
ican Pleistocene Camelidae have almost necessarily been described 
under numerous generic and specific names, as the fragmentary 
specimens representing different parts of the skeleton cannot be 
correlated satisfactorily. Not less than six genera are listed. It 
is probable that three of the generic groups have a valid basis in 
American material. The others are of doubtful value. The forms 
referred to Eschatius and Camelus represent two of the generic 
groups. The relationships of the species referred to Camelops, 
Megalomeryx, Auchenia and Holomeniscus, present one of the prob- 
lems in the study of this group, recent writers generally consider- 
ing the four as representing a single genus. 


A eno remains of camels are fairly common in the Pleisto- 


University of California Publications, Bulletin of the Department of Geology, vol. 7, no. 14, 
pp. 305-323, May 24, 1913. 
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Wortman! in his revision of the extinct Camelidae of North 
America called attention to the very fragmentary nature of the 
material upon which all of the North American Pleistocene species 
rest, and considered that no evidence had been presented showing 
that valid characters separated the genera Megalomeryx and Holo- 
meniscus from Camelops, the first genus described. The North 
American forms referred to 4uchenia he showed to be distinct from 
the Recent 4uchenia, and not clearly separable from Camelops. 
Megalomeryx was described from Nebraska later than Camelops 
from Kansas, and may be of Tertiary age. It was based upon two 
molar teeth, while the type of Came/ops consisted of an anterior 
end of the rostral region without cheek teeth. Holomeniscus was 
characterized by Cope as possessing a single superior premolar, 
P4. Wortman stated that, so far as he had been able to obtain 
information, in the only specimen in which the superior premolar 
formula can be determined, both P? and P‘ are present. So far as 
determined by Wortman, no characters were presented which might 
reasonably be considered as distinguishing Holomeniscus from 
Camelops. 

In the excavation work done at Rancho La Brea during the past 
six years camel material has been found occasionally, but not until 
recently has it been possible to obtain a complete skull. In the ex- 
cavations of the last few months, the University of California has 
been so fortunate as to find several nearly perfect skulls, and asso- 
ciated with them is a quantity of skeletal material representing 
the greater part of the animal. Three skulls now available in the 
palaeontologic laboratory furnish for the first time a satisfactory 
basis for comparative study of the skull and dentition of our 
American Pleistocene camels. In advance of an investigation of 
the entire representation of the skeleton the following descriptions 
are presented. A discussion of the skeleton will be furnished after 
completion of the excavation work, when all materials of this group 
can be brought together for more satisfactory study. 


SKULL 


The skull in specimens 20040, 20028, and 20049 approximates 
the size in that of the Bactrian camel. The general outlines re- 
semble 4uchenia more nearly than Camelus. In superior view (figs. 


1 Wortman, J. L., Bull. Am. Mus., vol. 10, p. 128, 1898. 
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1 and 4), the slender rostral region tapers more gradually toward 
the anterior end than in Camelus, and in this respect resembles 
Auchenia. he frontal region is quite distinctly convex trans- 
versely, with no median depression, and in this character differs 
from the specimens of both duchenia and Camelus available for 
comparison. The orbits are situated relatively far back, the an- 
terior border being situated above the last superior molar. The 
basicranial and basifacial axes are nearly parallel, as in Camelus. 

The nasal elements are long and narrow, the posterior ends are 
separated by a wedge of the frontals, but the outer borders do not 
spread widely as in 4uchenia and Camelus. The anterior ends 
of the nasals are in broad contact with the premaxillaries, as in 
Auchenia. The nasals are relatively longer and narrower than in 
Auchenia, and the notch for the posterior border of the anterior 
nasal opening is not behind the posterior end of the premaxillaries. 
In Auchenia the posterior ends of the premaxillaries do not extend 
as far back as the posterior border of the anterior nasal opening. 
The ends of the nasals project anteriorly beyond the superior border 
of the premaxillaries. 

A characteristic feature of the Rancho La Brea specimens is the 
presence of a large, deep fossa near the upper margin of each maxil- 
lary above the fourth premolar (fig. 5). The inferior region of this 
fossa is not sharply marked. The upper wall of the cavity is abrupt 
in no. 20040 and is bordered by a sharp overhanging ridge in nos. 
20028 and 20049. This fossa is clearly shown in Pliauchenia 
(Megatylopus) gigas described by Matthew and Cook? and is 
strongly marked in 4/ticamelus.2 There is no suggestion of it in 
Auchenia or in Camelus. 

The lachrymal vacuities are very large and have an approxi- 
mately triangular outline. In specimen 20028 the lachrymals are 
separated externally from the lachrymal vacuities on one side by 
the union of the maxillaries and frontals. In no. 20040 they barely 
touch the vacuities. 

The heavy anterior end of the zygomatic process of the squamosal 
extends forward well beneath the posterior border of the orbit some- 
what as in Auchenia, but in contrast to the form in Camelus. 
The jugal is much thicker vertically below the orbit than in 


? Matthew, W. D., and Cook, H. J., Bull. Am. Mus. Nat. Hist., vol. 26, p. 397, 1909. 
8 Tbid., p. 403. 
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Fic. 1. Camelops hesternus (Leidy). Skull, superior view. No. 20040, X 0.19. Ran- 
cho La Brea Beds. 

Fic. 2. Camelops hesternus (Leidy). Skull, inferior view. No. 20040, X 0.19. Ran- 
cho La Brea Beds. 

Fic. 3. Camelops hesternus (Leidy). Superior view of anterior portion of the mandible 
with dentition. No. 20040, X 0.19. Rancho La Brea Beds. 
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Fic. 4. Camelops near hesternus (Leidy). Skull, superior view. No. 20028, X 0.19. 
Rancho La Brea Beds. 

Fics. 5 anp 6. Camelops near hesternus (Leidy). Skull. No. 20028, X 0.19. Rancho 
La Brea Beds. Fig. 5, cranium, lateral view; fig. 6, mandible, lateral view. 
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Camelus, and exhibits a marked inferior crest or ridge as described 
in Megatylopus gigas by Matthew and Cook.* 

The palate is narrow (figs. 2 and 9), the long, narrow, V-shaped 
posterior nasal opening extending forward to a point slightly in 
advance of a line connecting the middle region of the third upper 
molars in nos. 20028 and 20049, and to the posterior end of M? 
in no. 20040. 

The basiphenoid and presphenoid form a deep narrow ridge quite 
different from the inferior surface of this element in Camelus and 
in Auchenia. The inferior processes of the alisphenoid seem 
smaller, are less divergent, and do not project as far inferiorly as 
in Camelus. 

The glenoid fossa is relatively narrower posteriorly than in 
Camelus, and as in Auchenia, the outer margin of this fossa is 
not bordered by a distinctly elevated wall or process that is seen 
in Camelus. The postglenoid process is somewhat larger than in 
Auchenia. 

In specimen 20028 the transverse palato-maxillary suture trun- 
cates the anterior ends of the palatines rather broadly, as in Camelus 
dromedarius. In no. 20049 the suture is more strongly convex 
anteriorly. In no. 20040 it is still more acute anteriorly. In 
Auchenia lama the anterior ends of the palatines extend forward 
as an acute wedge between the maxillaries. 

The paroccipital process is rather slender, and bends forward with 
a marked inferior hook. In 4uchenia this process is wider distally. 
The mastoid region forms a deep and rather narrow plate an- 
teriorly. The mastoid and paroccipital plates are brought nearer 
together than in either 4uchenia or Camelus. In nos. 20040 and 
20028 the posterior inferior border of the mastoid plate slopes 
forward quite sharply in contrast to the form seen in 4uchenia. 

The occipital region (fig. 7) shows rather more similarity to 
Camelus than to Auchenia. In Auchenia the occiput consists of 
two lateral planes which meet in a strong median crest. At the 
outer borders of these planes are the lateral foramina of the occiput. 
In the Rancho La Brea specimens there is a short low median crest 
at the upper end of the occiput in nos. 20028 and 20040; in no. 20049 
it is scarcely visible. On each side of the crest is a deep fossa 


4 [bid., p. 398. 
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for the rectus capitis posticus. At either side of the occiput the 
large lateral foramina lie at the bottom of large, deep fossae, and 
these foramina deeply notch the margins of the occipital bone. 
Between the lateral foramina and the fossae for the muscles below 
the inion the occipital bone rises on each side as a prominent 
rounded buttress or ridge extending from near the upper border 
of the foramen magnum to the lambdoidal crest. The region of 
the occiput immediately above the foramen magnum is moderately 
convex, approaching flatness, as in Camelus, instead of strongly 
convex nearing angularity, as in Auchenia. 

The frontal foramina are a little farther apart than in Camelus. 
In Auchenia these foramina are relatively larger and there are dis- 
tinct channels leading forward from them such as are not seen in 
the Rancho La Brea specimens. The infraorbital foramen and the 


4 
Fic. 7. Camelops near hesternus (Leidy). Occipital region of the skull. No. 20028, 
xX 4. Rancho La Brea Beds. 


foramen piercing the root of the zygomatic arch are situated much 
asin Auchenia. ‘The infraorbital foramina consist of a single open- 
ing on each side in no. 20028; the opening is separated into two 
parts by a bridge of bone in 20040; and is divided on one side by 
a slender bridge in 20049. The infraorbital foramina are situated 
approximately over the posterior border of P* in nos. 20028 and 
20040, and over the middle region of M1in no. 20049. The anterior 
palatine foramina are long and narrow, and extend back to the 
canines. The anterior ends of the maxillaries extending around 
the borders of these foramina reach to the anterior side of the 
openings, as in the type of Camelops. In Auchenia lama they do 
not reach as far forward. The posterior palatine foramina are 
situated well forward near P? in specimen 20028, and opposite P* 
in nos. 20040 and 20049. 
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The postglenoid foramen is very small, in contrast to the large 
size of the opening in Camelus. A small foramen present on the 
outer base of the postglenoid process is not found in Camelus and 
is absent or very minute in 4uchenia. The lateral foramina of the 
occiput are very large and open externally into the deep lateral 
fossae of the occipital region. The anterior mental foramen of the 
mandible is immediately below or slightly behind the canine, as 
in Auchenia. It is situated farther back on the horizontal ramus 
in Camelus. 


@. 
a, 
\ 
\) 
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Fic. 8. Camelops near hesternus (Leidy). Superior view of anterior portion of the man- 
dible with dentition. No. 20028, X §. Rancho La Brea Beds. 

Fic. 9. Camelops near hesternus (Leidy). Inferior view of anterior portion of the skull 
with dentition. No. 20028, X $. Rancho La Brea Beds. 

See also for dentition, figs. 2 and 3, p. 814. 


In the mandible (figs. 3, 6, and 8), the symphysial region is rela- 
tively short anteroposteriorly, as in Auchenia. The symphysial 
union in Came/us is much longer anteroposteriorly than in 4uchentia 
or in the Rancho La Brea specimens. The horizontal ramus is 
somewhat higher than in Camelus, and slightly higher than in 
Auchenia. It tapers very gradually toward the anterior end. Be- 
low the diastema the lower margin is barely concave, in contrast 


CAMEL FROM PLEISTOCENE OF RANCHO LA BREA 819 


with Auchenia, in which it is distinctly concave. In Camelus 
the inferior border may show a distinct concavity between a point 
below M; and the symphysis. The high coronoid process shows a 
nearly even width or anteroposterior diameter for the greater part 
of its height. 


MEASUREMENTS OF SKULL 
No. 20028 No. 20040 
Length, anterior end of premaxillaries to posterior end of occipital 


CONG SIGS IG Ciousyy Bias HEA Bia 9 Bikes UNA IRIS ei UNDUE AAD AMER Ss ir ae Sil, mn, OS, 
Length, anterior end of premaxillaries to anterior end of inferior nasal 

DV BSIDTOVERS Aedes ls HRP ey ee TA SG A oa 316.4 318. 
Length along median line, anterior end of premaxillaries to posterior 

BNGl Ol AUOAUOF? WT EN? SAGISS, vias o bio coeevoboudoance onan saue 341. 362. 
Length along median line from anterior border of premaxillaries to 

plane connecting anterior borders of orbits..................... 324.5 SY 
Greatest width at posterior region of orbits....................--. 245. Dis) es 
(GRASS INSTA OF? CHK g 6/56. bis ono dla mda Aide Gobo aababs aeGuEaae 63.3 61. 
Least width of brain-case immediately behind orbits............... hie 83. 
Least width of rostral region between superior canine and cheek-tooth 

SCLICSMR ME eet tema Met pee ar ANST aN eM fos ats neds Lair Siechs tile tay e34p mi ioe 62.9 aie 
Greatest anteroposterior diameter of right ramus of the mandible ... 452. 469. 
Greatest height of mandible below posterior border of Ms.......... 109. 103. 
Height of mandible below anterior border of Py................... 60. 61. 
Length of diastema between inferior canine and Py................ 100. me 

DENTITION 


Dental formula, I, C+, P?, M3 


The dentition in general shows more resemblance to that of 
Auchenia than to any other form. 

I? is a little larger than the superior canine. It is a laterally com- 
pressed, recurved, lanceolate tooth quite similar to I? of 4uchenia. 
The lower incisor dentition was of much the same type as in 
Auchenia. I3 was at least as large compared with I; and I: as in 
Auchenia; it seems distinctly larger than in Holomeniscus hesternus 
from Texas figured by Cope.® 

The small superior canines have much the same form as in 
Auchenia, but are relatively thicker transversely. 

As in Auchenia, small papillae which may be present behind 
the canines indicate the existence of rudiments of the anterior 
premolars. 

P? as shown in no. 20040 (fig. 2) has a narrow, almost blade- 
like crown with a very small cusp, or a prominent ridge of the 


® Cope, E. D., Geol. Surv. Texas, 3rd Ann. Rep. for 1891, pl. 21, fig. 4. 
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cingulum high up on the postero-internal wall. It shows approxi- 
mately the same size compared with P*‘ that is noted in 4uchenia. 

P4 has a relatively greater transverse diameter than in 4uchenia 
and a more distinctly quadrate form. In this respect, it more 
closely approaches the form seen in Camelus. 

Lower premolar four has approximately the same relation to M, 
in dimensions as in 4uchenia. It has a wedge-shaped cross-sec- 
tion and approximates the form in duchenia. There is a deep 
enamel fold on the posterior side of the crown, as in uchenia, 
but the inner or medial side is an almost even vertical wall without 
the folds seen in 4uchenia. P, shows some evidence of division of 
the root into two parts, and a faint groove on one side may mark 
the line of separation. 

The upper molars all differ somewhat from those of A4uchenia 
in the less marked development of the external styles and of the 
median ribs on the outer side of the paraconid and metaconid. 
In M? the anterior lobe has a noticeably greater transverse diameter 
than the posterior lobe. On the somewhat worn M? of no. 20028 
the metastyle is drawn out posteriorly as a wing not shown in 
Auchenia. This wing does not appear in the unworn M? of no. 
20040. 

In M, and M: the inner walls of the protoconid and hypoconid 
lobes tend to be a little more distinctly separated by a median 
longitudinal groove than in Camelus. The styles and inner ribs 
of the lower molars are less strongly developed than in 4uchenia. 
M, and M; differ markedly from the corresponding teeth of 
Auchenia in the absence of the anteroexternal buttresses so char- 
acteristic of that genus. It is upon this character that Wortman$ 
separates Camelops from Auchenia. Ms is distinguished from that 
of Camelus by the position of the posterior or third lobe. In the 
Rancho La Brea specimens this lobe extends nearly straight back, 
and its inner wall is nearly even with that of the anterior lobes of 
this tooth. In Camelus the inner wall of the posterior lobe turns 
sharply out and away from the nearly even plane formed by the 
inner walls of the first and second lobes. In 4uchenia the posterior 
lobe of M; rises from approximately the middle of the posterior end 
of the second lobe, and is separated from the inner and outer walls 
of the second lobe by a deep longitudinal groove on each side. 


6 Wortman, J. L., Bull. Am. Mus. Nat. Hist., vol. 10, pp. 129-130, 1898. 
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MEASUREMENTS OF DENTITION 


No. 20028 No. 20040 
Length, anterior side of I! to posterior side of M%, measured along 


Outen DOL emo fidentaluseniesi ny Mavs meys br ysis cisoa va a nih enh Any, 301. mm. 327. 
Length, anterior side of Py to posterior side of Mg................. 141.9 
Length, anterior side of inferior canine to posterior side of M3...... 250. 290. 
Greatest width of palate between outer borders of superior cheek-tooth 

series (measured between outer borders of third molars).......... 141.9 148. 
Least transverse diameter of palate between superior cheek-tooth 

series (measured between inner borders of fourth premolars)...... 66. 56. 
Length, anterior side of P* to posterior side of M3................. 142.7 156.4 
Length, anterior side of M! to posterior side of M?................ 124. NSF 
Iemanteroposctemor diam eter yy ins any Sey sinner asin cls 17.8 
IeMoneates titransverseldiametetn aie) aiaiany clare eine imtlians ct ORT, 
Supenoncaninesanteropostenoradlameteny 4... .)) saci ek © 4 13.9 S674 
omanteropos terion diameter mei eta wince is eet slate). tcl a sarees 18.8 
Remoteatestithansverseidiameten winnie «wikis ial see nt) Sets eens il 
Remantcropostenionm diametenmny a) recrn ins lainey chat cis a suelo Mo) i28r 
emetedtestathansverse Glam etetniyvar nian nearer a eisai: D3) 22).9 
NUMANteLO DOS cenlondiameven mnie mein ciara arta yalrelaia al aee 24.4 42. 
Wiewonreatestithansverserdiameteranneeep iy ete ida sci ls shieter 31. 33.6 
NemantchopostemOndlameteh inn ni piney sibel midis tater 42.1 92). 
M2?, greatest transverse diameter across protocone................. 31.6 32.8 
Wiewenedtes tianteroposterion diameters ave oie ciel cis ie 49.5 45.8 
IMO, GREACETE HRMOVES GHEE, bo ook cloooeaouooosdadedsocgadous 31.4 Dilhee 


Type of Cope’s 
C. hes- exas 
ternus specimen§ No. 20028 No. 20040 


Length, anterior side of P, to posterior side 


OMIVIC TRA nner uae UMA ALG AR AANE fei s Nuaint 5 De, EY torven, = gpioys 67 
nieteavestithansverseidiametena see .4 44). ai3. i ) 19. 
Ip, greatest transverse diameter............... 19, 20.4 18.8 
I;, anteroposterior diameter of alveolus........ 12. 28.5 BD 36) 
Inferior canine, greatest anteroposterior di- 

VGN ARS Gia\ te Glen Ha BUREAU SLI R ae SS OER ai12. 16.1 
P4, greatest anteroposterior diameter........... Dili Die 21.9 Biles 
Eawoncatestitransversediameten (j)4))15 0 - 12.9 13.4 
Miyanteropostemor diameter.) aanaaae des. - 42. 38. 28. 39. 
Mh, greatest transverse diameter.............. Zhe 21.5 
Newanteroposterion diameteha()4 140525 - 4-4) SY40 44. 38.4 46. 
Mp, greatest transverse diameter.............. 27h PAN 322 
Ms, greatest anteroposterior diameter.......... 38. 56. 58.2 38. 
Ms, greatest transverse diameter across anterior 

HOLS 5) 56 WSR BOs UR ake Ae a eS 21.6 18.5 


a, approximate. 

* at base of crown. 

} Ms not completely emerged. 

t From Cope’s figure of the specimen. 

§ Cope, E. D., Geol. Surv. Tex., 3rd Ann. Rep. for 1891, pl. 21, figs. 3 and 4. 
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RELATION OF RancHo LA BREA SPECIMENS TO PREVIOUSLY DE- 
SCRIBED PLEISTOCENE Forms FROM NortH AMERICA 


It is perhaps undesirable at this stage in the study of the Rancho 
La Brea camels to attempt a final determination of their relation- 
ships to all of the known North American forms, but the broader 
outlines of the problem may be presented. 

The Rancho La Brea specimens so far as known are clearly dis- 
tinguished from the American Pleistocene species referred to the 
genera Eschatius and Camelus. They are separated from both 
Camelus and Eschatius by their dental formula of 4, 3, 2, 2. 

In the mandible from Hay Springs referred by Wortman’ to 
the genus Camelus the formula is s, 7, z, 3; the inferior canine is 
more or less incisiform, and is not separated from I; by a marked 
diastema; and P, is caniniform. 

The genus Fschatius is characterized by the most extreme reduc- 
tion known in the cheek-tooth dentition, the formula of the upper 
series being P* M?. P® is not represented, and P* is reduced to a 
simple conical form not unlike the small P? of the Rancho La Brea 
specimens. 

The American Pleistocene forms with which the Rancho La Brea 
specimens are most closely related are those included in the species 
that have been referred to Camelops, Auchenia, and Holomeniscus. 

Comparison with Type Specimens of Camelops.—Leidy’s type 
of Camelops consisted of the anterior end of a premaxillary bone 
with the root of the last upper incisor, and a small piece of the 
maxillary, with the alveolus of the canine (figs. 10¢ and 100). 
Compared with this specimen, the anterior end of the rostral re- 
gion of the Rancho La Brea skulls shows little to distinguish it. 
The general proportions of the elements present and the location 
of the teeth are nearly the same. The extension of the maxillary 
forward around the anterior end of the anterior palatine foramen 
noted in the Rancho La Brea specimens is much as in the type of 
Camelops. 

Comparison with the Type Specimen of Auchenia hesterna Leidy.— 
The type specimen of 4uchenia hesterna was discovered by Dr. 
Lorenzo G. Yates in Livermore Valley, California, in a gravel de- 
posit which was presumed by Dr. Yates to represent an old river 


7Wortman, J. L., Bull. Am. Mus. Nat. Hist., vol. 10, p. 133, 1898. 
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channel. A statement by Leidy, based upon the communication 
of Professor E. O. Hovey, to the effect that it was found twenty- 
five miles inland from San Leandro, California,® is erroneous, ac- 
cording to Dr. Yates.° 

The type consists of a lower molar series and a single upper 
molar. There is some uncertainty as to whether these teeth all 
represent the same individual. The fact that the relative stages 
of wear are approximately what one might expect to find in the 


106 


Fics. 102 anp 106. Camelops kansanus Leidy. Type specimen, adapted from Leidy, 
natural size. Fig. 10a, anterior end of rostral region, lateral view; fig. 104, anterior end of 
rostral region, inferior view. 


same series is evidence in favor of the view that the lower teeth are 
all from one animal. 

The dentition of the Rancho La Brea specimens resembles that 
of the type of 4uchenia hesterna in the presence of a single pre- 
molar, P,, with a wedge-shaped cross-section. The general form and 
relative dimensions of this tooth are much the same in the type of 


8 Leidy, J., Geol. Sury. Terr., vol. 1, Fossil Vertebrates, pp. 228, 229, 256, 1873. 
* Yates, L. G., Proc. Acad. Nat. Sci., Philad., vol. 26, p. 18, 1874. 


824 - PUBLISHED PAPERS AND ADDRESSES 


A. hesterna and in specimen 20040 from Rancho La Brea. The 
nature of the posterior enamel fold of the crown is similar in the 
two. In the type of 4. hesterna (Leidy, pl. 37, fig. 2) P, is repre- 
sented with a distinct groove on the outer side marking the division 
of the tooth into anterior and posterior regions, each terminating 
inferiorly in a distinct root. In Rancho La Brea specimen 20028 
there is an exceedingly faint separation of the two roots, and the 


Ila 


IIb 


Fics. 11¢ anp 114. Camelops hesternus (Leidy). Inferior cheek-tooth series of type spec- 
imen, X 3. Fig. 11a, occlusal view; fig. 114, lateral view. (Adapted from Leidy.) 


inner face of the crown may show a faint groowe, marking this 
division; there is, however, no external groove as represented for 
A. hesterna. In Leidy’s figure 1 of the plate to which reference is 
made above the identical P; represented in figure 2 seems to show 
almost no external groove. 

In the type of 4uchenia hesterna, M, and M: are both very con- 
siderably larger than in specimen 20028, and Mbp seems relatively 
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much larger, especially compared with M;. In specimen 20040 
the dimensions of Ps and M; are practically identical with those in 
the type of 4. hesterna. My, is only seven per cent smaller, and Mz 
eleven per cent smaller. The slight differences between specimen 
20040 and the type of 4. hesterna seem to the writer of less than 
specific value, and the Rancho La Brea form may be considered as 
typifying that species. The differences between nos. 20040 and 
20028 are greater than between 20040 and the type of hesterna, 
but considering the close similarity in form and dimensions of the 
skull, together with the evident difference in age of the two indi- 
viduals, the writer is not inclined to believe the difference in tooth 
measurement as of specific rank. No. 20028 represents a much 
older animal than no. 20040. During a considerable period in 
the life history of each individual P, and Ms; increase in anteropos- 
terior diameter of the crushing face as the crowns wear down; 
while M, and Mp, with crowns narrowing inferiorly much earlier 
than the other teeth, shorten the anteroposterior diameter of the 
occlusal surface. There seems also to be some individual variation 
in tooth dimensions, so that age, with sex and individual variation, 
may produce rather large differences in relative size of the teeth. 

The upper molar of 4uchenia hesterna figured by Leidy does not 
differ greatly from M? of the Rancho La Brea form. 

A California species described by Leidy!® as 4uchenia De 
previous to the publication of 4. hesterna may be identical with 
hesterna, and may therefore include the specimens here described. 
This can best be determined by a careful comparative study of all 
skeletal material obtained, as 4. californica was based solely upon 
limb and arch bones of very large size. If we give full value to 
the statement on the label accompanying the type specimen of 
A. californica, to the effect that it came from beneath the lavas at 
Table Mountain, it is probable that this species is of Tertiary age, 
and sveaummelslke specifically if not generically distinct from the 
Rancho La Brea form. 

Comparison with Texas Forms Referred to by Cope as Holomeniscus 
hesternus, H. sulcatus, H. vitikerianus, and H. macrocephalus—A 
fine mandibular ramus from Bowie Bend, Austin County, Texas, 


10 Leidy, J., Proc. Acad. Nat. Sci., Phila., 1870, p. 126. 
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was considered by Cope! to represent the same species as the type 
of Leidy’s Auchenia hesterna. Cope’s specimen is undoubtedly 
near hesterna, and resembles it more closely in the dimensions of 
M, and M, than does specimen no. 20028 from Rancho La Brea. 
The reference of this specimen to hesterna by Cope on the basis of 
evidence then available seems justified. 

Compared with Cope’s Texas type of Holomeniscus hesternus the 
specimens from Rancho La Brea show a slightly larger mandible 
with more widely spreading incisors and a larger I;. As nearly as 
can be determined, I; of the Rancho La Brea specimens is much 
larger compared with I, than in the Texas form. The dimensions 
of the cheek-teeth are closely similar in Cope’s specimen and no. 
20040 from Rancho La Brea. The Texas specimen and those from 
Rancho La Brea are evidently generically identical. The charac- 
ters separating them are doubtfully of specific rank. The determi- 
nation of the exact specific relationship of these two forms may well 
await an examination of all possible collections from Rancho La 
Brea, to determine the limits of variability of the California form. 

A specimen from Tequixquiac, Mexico, described by Cope” 
is near the form from Texas. 

Holomeniscus sulcatus Cope from Texas is near the Rancho La 
Brea species in many characters. The type of H. sulcatus is an 
old individual with worn P, and M,, and measurements of the denti- 
tion are very close to those of no. 20028 from Rancho La Brea, in 
which the teeth give evidence of a similar stage of wear. As has 
been suggested by Wortman, the peculiar characters of this species 
may be shown later to come within the limits of individual or age 
variations of one of the previously described forms, like Camelops 
kansanus or C. hesternus. 

The Pleistocene species described by Cope as Auchenia viti- 
keriana® and Holomeniscus macrocephalus“ are possibly generically 
identical with the Rancho La Brea species, but are specifically dis- 
tinct. The form of the posterior lobe of M; in H. macrocephalus 
is quite different from that of Camelops hesternus. 


11 Cope, E. D., Geol. Surv. Texas, 3rd Ann. Rep. for 1891, pp. 71 and 85. 

#2 Cope, E. D., Amer. Phil. Soc. Proc., vol. 22, p. 18, May 16, 1884. 

13 Cope, E. D., Bull. U. S. Geol. and Geog. Surv. Terr., vol. 4, p. 380, 1878. 

144 Cope, E. D., Geol. Surv. Texas, 3rd Ann. Rep. for 1891, p. 85 and pl. 23, figs. 5 and 5a. 


$$. 
~ _ ~ —— 


CAMEL FROM PLEISTOCENE OF RANCHO LA BREA 827 


SUMMARY 


The Rancho La Brea form seen in specimens nos. 20040 and 
20028 closely resembles as much as is known of the type specimen 
of Camelops Leidy. Although no satisfactory generic description 
of Camelops was given by Leidy, it is probable that the Rancho La 
Brea specimens represent the same generic group as the type speci- 
men. Rancho La Brea specimen no. 20040 is evidently generically 
and specifically identical with Leidy’s type of Mduchenia hesterna. 
It is also generically identical with Cope’s specimen identified as 
Holomeniscus hesternus, from Texas. Cope’s type of Holomeniscus 
sulcatus is evidently in the same generic group. Holomeniscus 
vitikerianus presumably belongs in the same genus with the species 
just mentioned, and possibly also H. macrocephalus. 

As shown by Wortman the separation of the North American 
Pleistocene camels from Auchenia is justified on the basis of differ- 
ences in the form of the inferior molars, and the characters given 
by Cope to Holomeniscus are not distinctive. For the present at 
least the writer adopts the suggestion of Wortman that the name 
Camelops should be used for the group of species represented by 
C. kansanus and C. hesternus, since it is the earliest designation 
applied. 

The group of camels referred to Camelops, and represented by 
specimens nos. 20040 and 20028 from Rancho La Brea, is much 
nearer to 4uchenia than to Camelus, but is nevertheless distinct 
from the typical duchenia. It is separated from Camelus by the 
premolar formula of i, instead of 3, relatively small size of P%, 
broad contact of the nasals and premaxillaries, presence of well- 
defined maxillary fossae, relatively great anterior extension of the 
zygomatic process of the squamosal, absence of a lateral bordering 
wall on the glenoid fossa, and the higher mandible which tapers 
more gradually anteriorly. 

The Camelops group as here comprised resembles 4uchenia in 
the general form of the skull and especially of the mandible, the 
relation of the nasals and premaxillaries, relatively great anterior 
extension of the zygomatic process of the squamosal, form of the 
glenoid fossa, and in premolar formula. The group differs from 
Auchenia in the form of the frontal region, narrower nasals, pres- 
ence of large maxillary fossae, form of the mastoid process, more 
nearly quadrate form of P*, more distinctly wedge-shaped cross- 
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section of P,, absence of folds on medial side of Pu, less marked 
development of styles and ribs on outer side of upper molars and 
inner side of lower molars, and absence of strongly marked antero- 
external styles in M2 and M3. 

Although a definite statement as to the affinities of Camelops 
would be premature if presented in advance of a study of the entire 
skeleton, it seems desirable to call attention to the resemblance in 
characters of skull and dentition in the Rancho La Brea form to 
those of Pliauchenia (Megatylopus) of Matthew and Cook." 


16 Matthew, W. D., and Cook, H. J., Bull. Amer. Mus. Nat. Hist., vol. 26, pp. 396-401, 
1909. 
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bers from the Pleistocene beds of Rancho La Brea, but 

not until within the last year has skull material been found 
in such quantity as to make possible a critical study in which the 
important factors of individual and age variation could be con- 
sidered with any degree of satisfaction. In the excavations re- 
cently carried on through the kind permission of the late Madam 
Hancock Ross, and her son, Mr. G. Allan Hancock, a number of 
good skulls have been obtained, with much material consisting of 
loose teeth and elements representing all parts of the skeleton. 
These collections, together with several skulls and much scattered 
material already available, offer one of the fullest opportunities 
for study of American Pleistocene horses that has been presented. 
Satisfactory preparation and examination of the entire series of 
specimens will require many months’ work. In advance of this 
study it is possible to give such a statement of the most important 


R’= of horses have been obtained in considerable num- 


University of California Publications, Bulletin of the Department of Geology, vol. 7, no. 21, 
pp. 397-418, December 16, 1913. 
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contributions made by this collection as will assist in the interpre- 
tation of other material. 

The collection available contains eleven good skulls, several im 
perfect specimens, and much fragmentary material. It repre- 
sents animals of both sexes, and of all ages from foals with unworn 
milk teeth to old individuals with dentition in advanced stages of 
wear. The specimens show considerable variation in the charac- 
teristics upon which our classification of American Pleistocene 
horses has of necessity been largely based, and an estimation of 
the significance of this variation will presumably assist to some 
extent in interpretation of a number of the numerous imperfectly 
known equine species described from the American Pleistocene. 

Up to the present time the only descriptions of satisfactory skull 
material representing American Pleistocene horses are those of 
Gidley! on Eguus scotti of the Texas Pleistocene, and Hay? on 
Equus niobrarensis and Equus laurentius from Nebraska and Kan- 
sas. Of Equus scotti several skulls representing individuals rang- 
ing from youth to maturity are available. Skeletal material ac- 
companying the skulls gives to this species a full and satisfactory 
representation. Of Eguus laurentius the single good skull known 
shows this form, with its slender skull and small teeth, to be dis- 
tinctly separated from the heavy-headed E. scotti and E. nio- 
brarensis. Of Equus niobrarensis an imperfect skull from Hay 
Springs, Nebraska, shows most of the characteristics satisfactorily 
excepting the frontal and facial regions. Another specimen from 
the Pleistocene of Tofty, Alaska, is referred to a subspecies, Equus 
niobrarensis alaskae by Hay. ‘The lower jaws of this form were 
not found. The cranium lacks only the nasal region. Eguus 
niobrarensis is distinguished from Equus laurentius by its shorter 
and wider nose, heavier and anteriorly much higher mandible. 
The teeth are larger and wider than in Equus laurentius. From 
Equus scotti this species seems to be distinguished by its smaller 
teeth. 

Before the discovery of specimens at Rancho La Brea no good 
skulls and no complete skeletal specimens representing Pleisto- 
cene horses were known from the Pacific Coast region. 

1 Gidley, J. W., Bull. Am. Mus. Nat. Hist., vol. 13, pp. 111 to 116, 1900. 


2 Hay, O. P., Proc. U. S. Nat. Mus., vol. 44, pp. 576 to 591, 1913; and Smithsonian Misc. 
Coll volmOolnoy 21913" 
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Fics. 1 to 3. Equus occidentalis Leidy. Skull, no. 20097, X 0.19. Rancho La Brea 
Beds, California. Fig. 1, superior view; fig. 2, lateral view; fig. 3, inferior view. 
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SKULL 


The eleven practically complete horse crania from Rancho La 
Brea naturally show certain variations in form and size, but they 
are so near together in the assemblage of their characters, and 
present such gradations through the series, that there seems good 
reason for considering them all as one species, and they are treated 
by the writer as forms of a single specific type. 

The skulls from Rancho La Brea equal or exceed those of the 
Recent Eguus caballus in size. Compared with £. caballus the 
face is relatively a little wider, and the nose is relatively short 
and wide. The notch between the nasals and premaxillaries is 
wider or less acute posteriorly than in F. caballus. In profile 
the superior fronto-nasal surface is generally nearly flat, or very 
slightly concave above the middle of the nasals. Between the 


Fic. 4. Eguus occidentalis Leidy. Posterior view of skull. No. 21002, X §. Rancho 
La Brea Beds, California. 


orbits the frontal region is in most specimens slightly more convex 
transversely than in E. caballus. ‘This seems to be true in stages 
ranging from young adults to individuals of fairly advanced age. 
The nasals are relatively wide, and their anterior ends reach for- 
ward to a point a little behind the superior canines. 

The orbits are near the size of those in E. caballus, but tend to 
be slightly larger. They are noticeably smaller than in £. z10- 
brarensis and E. laurentius. 

The occiput is higher and narrower than in the domestic horse, 
and the overhang of the inion is considerably greater. The great- 
est width across the condyles averages relatively smaller than in 
E. caballus. 

The mandible is heavy in contrast with that of the modern horse, 
and the horizontal ramus is much higher below the anterior cheek- 
teeth and below the diastema. The symphysial region is relatively 
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wide. The mandible of a specimen (no. 21000), tentatively referred 
to E. occidentalis, shows unusual width anteriorly. The inferior 
border is usually distinctly convex below the anterior cheek-teeth, 
and may show a slightly concave region below the posterior molars. 


MEASUREMENTS OF SKULL 
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ridge at maxillo-malar su- 
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MEASUREMENTS OF SKULL—Continued 
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Height of mandible below 
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a Young adult, M? in function; inner enamel ring of I! still present. 

4 Young adult, M? slightly worn; inner enamel ring of I! still remaining. 

¢ Old individual, molars well worn. 

d Young individual, M! just emerging. 

ap. Approximate. (plete: r, right. 

The anterior palatine foramina are situated much as in E. cabal- 
lus. In some specimens they are relatively and absolutely shorter 
than in the domestic horse. The posterior palatine foramina are 
situated near the posterior end of M? in animals of middle age, 
and near the middle or anterior end of M? in old individuals. The 
palatine notch of the posterior nares is opposite the anterior half 
of M? in specimens of young adults, and extends forward approxi- 
mately to a line joining the middle region of the second upper 
molars in individuals of advanced age. In E. caballus this opening 
is somewhat shorter and wider, and does not reach as far forward 
in the palate. 7 

The infraorbital foramina are commonly situated in advance 
of the anterior end of the maxillary ridges and above P*. In no 
case do the maxillary ridges extend forward beyond the infraor- 
bital foramina as may occur in some forms of Equus. 

The mental foramina are approximately opposite the posterior 


end of the symphysis. 


DENTITION 


The dentition is represented by a series of specimens ranging 
from unworn milk teeth to those of old individuals in which the 
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enamel folds of the fossettes and valleys have disappeared through 
wear. Variations in size and in enamel pattern of the cheek-teeth 
are considerable. There is, however, such a gradation in the 
teeth that there seems good reason for considering all of the speci- 
mens represented as a single species. 

The incisors, where observed, are large. The lower incisors in 
no. 21000, an old individual, are especially wide. In none of the 


Fics. 5 anp 6. LEguus occidentalis Leidy(?). Mandible, no. 21000, X $. Rancho La 
Brea Beds, California. Fig. 5, lateral view; fig. 6, superior view. 


specimens available does the third lower incisor show evidence of 
formation of an inner fold or cup. The third upper incisor always 
shows a strongly marked cup. 

The canines are of moderate size compared with those of Eguus 
caballus. In young individuals the crown shows distinct lateral 
compression. 

In teeth of corresponding position in the upper cheek-tooth 
series there is considerable range in size. In general the variation 
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falls within the limits which Gidley? has shown to hold for modern 
Equus caballus. The variation in width of corresponding teeth 
between M? and P? is commonly not more than two millimeters in 
individuals of approximately the same age. In the lower cheek- 
teeth there is also considerable variation in size. 

As a rule the enamel pattern of the cheek-teeth is relatively 
simple compared with that of other described forms (figs. 7 and 8). 
In some specimens there are noticeable variations from the normal 
type of this species, but in no case is the enamel surrounding the 
fossettes as strongly folded as in Eguus pacificus. Some of the 
principal variations in the pattern of the cheek-teeth are the fol- 


Fics. 7 anp 8. Eguus occidentalis Leidy. Rancho La Brea Beds, California. Fig. 7, 
superior dentition, no. 21001, X 3; fig. 8, superior dentition, no. 12269, X 3. 


lowing: (1) form of protocone; (2) form of post-protoconal valley; 
(3) position of the post-protoconal valley; (4) plication of the an- 
terior border of prefossette and posterior border of postfossette. 
Form and size of protocone vary considerably in the Rancho La 
Brea specimens. The anteroposterior diameter in M? runs from 
about 11 mm. in an old individual to 16 mm. in a young specimen. 
In general the protocone seems absolutely longer anteroposteriorly 
and narrower transversely in young individuals. It is shortest 
anteroposteriorly and thickest transversely in quite old individuals. 
Variation in stage of wear is probably in part responsible for the 


location of the longest protocone in one tooth rather than in another — 


of the same series. The writer does not consider that variation in 


3 Gidley, J. W., Bull. Amer. Mus. Nat. Hist., vol. 14, p. 102, 1901. 
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size or form of the protocone in the Rancho La Brea horses indicates 
the presence of more than one species. 

In most specimens from Rancho La Brea the post-protoconal 
valley ends anteriorly with an oblique truncation, the truncated 
face being directed forward and outward. In a number of cases, 
particularly in young individuals, the enamel bordering the anterior 
end of the valley shows a single indentation. The fold is usually 
near the middle of the anterior end of the valley in P? and P4, but 
is commonly situated near the outer side of the anterior end in M} 
and M*. In individuals of fairly advanced age the fold is commonly 
absent. In aged individuals there is rarely a suggestion of the fold. 

The position of the post-protoconal valley varies considerably with 
respect to the region of the tooth margin toward which the long 
axis of the valley points. In the molars the axis commonly points 
toward the inner or lingual half of the anterior border of the tooth, 
in P? and P‘ the anterior end is usually directed toward the outer 
half of the anterior side of the tooth. The position in P* and P* is 
referred to as erect, that in the molars as depressed. ‘The difference 
in position is frequently related in part to difference in form of the 
protocone. 

The anterior and posterior fossettes of the molars and premolars 
have in general relatively simple enamel borders compared with 
most Pleistocene horses of North America. There is quite uni- 
- formly a single clearly defined fold in the middle of the anterior side 
of the postfossette and one on the posterior inner region of the 
prefossette. A few minor wrinkles may also be present near the 
major folds just mentioned. On the anterior side of the prefossette 
there is often a single weak fold or indentation. ‘This fold is usually 
strongest on the premolars and on M!, though it may be present on 
the other molars. The anterior fold is generally absent in advanced 
stages of wear. On an individual with M? just coming into function 
it is absent or barely indicated on M! and M2, but is distinctly shown 
on the last two premolars. On the posterior fossette a posterior 
indentation or fold is commonly present in young animals, but 
may be poorly developed. It is often most distinct on the pre- 
molars. Both the anterior fold of the prefossette and the posterior 
fold of the postfossette may, in rare cases, be accompanied by a 
few minor wrinkles. 

In the upper cheek-teeth the external ribs formed by parastyle, 
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mesostyle, and metastyle are very strong, but even in old indi- 
viduals the mesostyle of the molars shows somewhat less flattening 
externally than in £. caballus. 


CEIBEAES 


SEES —_ 


I] 
Fics. 9 anp 10. Eguus occidentalis Leidy. Mandible with dentition, no. 12269, X 3. 


Rancho La Brea Beds, California. Fig. 9, lateral view; fig. 10, superior view. 


Fic. 11. Equus occidentalis Leidy. Mandible with dentition, no. 21002, X %. Rancho 
La Brea Beds, California. 


The lower cheek-teeth (figs. 5, 6, 9, 10, 11) do not differ greatly 
from those of E. caballus. Compared with specimens of the domestic 
horse available, the Rancho La Brea form seems to have relatively 
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narrower lower premolars, but measurements of other specimens of 
modern horses seem to indicate that this character may not show a 
constant difference. In the premolars the outer enamel fold between 
the protoconid and hypoconid is not produced between the antero- 
posterior folds separating the metaconid and metastylid from the 
protoconid and hypoconid. In the molars the inner end of the outer 
fold may extend between the two anteroposterior folds. Particu- 
larly in young specimens there may be a tendency to form a small 
secondary fold on the posterior side of the outer fold between proto- 
conid and hypoconid. In some cases the anterior end of the antero- 
posterior fold between metastylid and hypoconid may show an 
indentation (fig. 6), and the enamel wall on the inner side of the 


Fics, 12 anp 13. Equus occidentalis Leidy. Superior milk dentition, no. 20099, X 4. 
Rancho La Brea Beds, California. Fig. 12, temporary incisors; fig. 13, temporary molars. 

Fic. 14. Equus occidentalis Leidy. Inferior temporary molars, no. 21072, X 3. Rancho 
La Brea Beds, California. 


hypoconid may show a slight crinkling. The groove between the 
metaconid and metastylid columns is well marked but wide. In 
general the characters of the lower teeth seem close to those of 
E. niobrarensis. 

The milk dentition is well shown in several specimens. In the 
upper milk molars (fig. 13), the post-protoconal valley shows a light 
terminal indentation in specimen 20099, in which M! is just pushing 
through the jaw. In no. 19834, a slightly older specimen, the ter- 
minal indentation of the post-protoconal valley has almost disap- 
peared. There is a single indentation at the anterior end of the 
anterior fossette, and one at the posterior end of the posterior 
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fossette, in each of the cheek-teeth in both no. 20099 and no. 
19334. 

In the lower milk molars (fig. 14), the outer fold between the pro- 
toconid and hypoconid pushes farther in toward the middle of the 
tooth than in the permanent premolars. The small fold or jog on 
the posterior side of this outer fold is well marked. The small 
fold on the antero-external angle of Dm, is well shown. 


MEASUREMENTS OF DENTITION 


Measurements of all cheek-teeth are made ewxclusive of the cement. 

In the upper dentition, excepting in P? and M®, the anteroposterior diameter 
is measured along the middle of each tooth, between the principal anterior and 
posterior faces of contact with the adjoining teeth. In P? and M® the antero- 
posterior diameter is measured from the middle of the face of contact with the 
adjoining tooth to the extreme opposite limit of the tooth. In P® to M? the antero- 
posterior diameter does not include the anterior projection of the parastyle in 
advance of the principal anterior contact plane of the tooth. Transverse di- 
ameters are measured across from mesostyle to the innermost extent of the pro- 
tocone. 

In the lower cheek-teeth the anteroposterior diameter is measured as in the 
superior series, and includes the limits measured along the middle of the tooth. 
The transverse diameter of the lower cheek-teeth is the greatest diameter meas- 
ured across the protoconid and metaconid excepting in Pe. In Pe» the transverse 
measurement is across hypoconid and entoconid. 


MEASUREMENTS OF PERMANENT DENTITION 
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MEASUREMENTS OF PERMANENT DENTITION—Continued 
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MEASUREMENTS* oF MiLk DENTITION 


No. No. No. No. 

20099 a 19834 5 21072 ¢ 19835 d 
Dm}, anteroposterior diameter.............. 7.5 mm. 
Dm2vanteroposterionidiameter ene SO 48. 
Dmaicransvetserdiameteranen eee 24.6 24.8 
Dmiianteroposteniondiametera ny ener 34. 33. 
Dimeaitransverselaiaimetera ee ennai 26. 26.5 
Dm‘, anteroposterior diameter.............. 38. 36.2 
Dmesitransyverseidiametetanee er anna: 24.5 26.2 
Di}, greatest transverse diameter............ DMD SS) 
Di?, greatest transverse diameter............ 25.8 
Di’, greatest transverse diameter............ I, zeae 
Dm, anteroposterior diameter seeeey nner bh sia 40. 39.8 
DimowithansversemMiainetenae eee terns BS GNM 14.2 14.8 
Dm yanteroposterior diameters a eee en ere wate Se 34. 34.9 
Dmamtransverse diameter eee nner ee Sia scl eelaee 14.5 16.2 
Dmg, anteroposterior diameter.............. avon Uo 37.2 34.6 
Dimaitransverseidiameter-eene erence Baa sale 12.9 15.9 
Di;, greatest transverse diametet............ sisal Seer see 17.8 
Diz, greatest transverse diameter....:....... Aas See aNtiae 18.3 
Dis, greatest transverse diameter............ ee steraes afb 14.5 


* Measurements taken in manner indicated in discussion on page 840. 
a, M+ just emerging through jaw. 

b, M! erupting. 

c, Mi showing first traces of wear. 

d, My in function, M2 erupting. 


CoMPARISON WITH EQuus CABALLUS 


The skulls of Rancho La Brea horses have approximately the 
size seen in the modern domesticated horse, but range upward to 
dimensions greater than those of the average domesticated horse. 
They differ from Eguus caballus in the shorter and wider nose, more 
convex forehead, narrower occiput, and more massive lower jaw. 
The mandible is very noticeably higher below the premolars and the 
diastema. 

The dentition of the Rancho La Brea species differs from that of 
Equus caballus in the more simple pattern of the enamel of the 
cheek-teeth. The dimensions do not differ markedly. 


RELATIONSHIP TO PLEISTOCENE SPECIES OF WESTERN 
NortH AMERICA 


In comparing the Rancho La Brea horses with the known Pleis- 
tocene species of America considerable difficulty is encountered, as 
the larger number of described forms are based upon very scanty 
material, usually cheek-teeth alone. Only three North American 
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Pleistocene horses are known by skulls, and of these only Equus 
scotti is represented by more than one specimen. Of Eguus lauren- 
tius there is one good skull, of typical Eguus niobrarensis one speci- 
men with imperfect facial and frontal region. It is probable that 
several of the American species of Eguus which are considered 
distinct run near each other in skull characters, and until the 
approximate limits of variation are known in each, it will be diffh- 
cult to make certain of specific distinctions. 

Until the appearance of the important papers by Gidley’ on Eguus 
scotti, and Hay® on Eguus laurentius and Equus niobrarensis, spe- 
cific separation of American Pleistocene horses was based almost 
entirely upon characters of the cheek-teeth, and in a considerable 
number of species but little material was known. As has been 
shown by Gidley, horse teeth of the same stage of growth may 
vary markedly in size and pattern, and where various stages of wear 
are compared the range of difference is wide. As first noted by 
Gidley, the character of size, particularly as seen in the transverse 
diameter, of the cheek-teeth seems the most reliable. 

While it is doubtless true that good specific differences appear in 
the enamel pattern of the cheek-teeth, it is certain that such char- 
acters must be used with caution. The final determination of the 
value of these characters must depend upon examination of con- 
siderable series of individuals of nearly the same age. 

Relation to Equus occidentalis Leidy.—Typical horses of the genus 
Equus have been known fossil from California in two species repre- 
sented by very fragmentary remains. The first form described, 
Equus occidentalis Leidy,’ was based upon a specimen found in 
Pleistocene auriferous gravels at a depth of thirty feet below the 
surface in Tuolumne County, California. Better material from an 
asphalt bed near Buena Vista Lake in the southern end of the Great 
Valley of California was afterward referred to this species by Leidy.” 
The second species, Equus pacificus Leidy,’ was based upon an 
upper premolar tooth from Martinez, California. Gidley® recog- 
nizes this species as the common horse of the Pleistocene at Fossil 

4 Gidley, J. W., Bull. Amer. Mus. Nat. Hist., vol. 13, art. 13, 1900. 

5 Hay, O. P., Proc. U. S. Nat. Mus., vol. 44 (no. 1969), 1913. 
 §Leidy, J., Proc. Acad. Nat. Sc. Philad., 1865, p. 94. 

*Leidy, J., Extinct Mammalia of Dakota and Nebraska, p. 267, 1869. Also Geol. Surv. 
Terrs., vol. 1, p. 242, pl. 33, fig. 1, 1873. 


8 Leidy, J., Proc. Acad. Nat. Sc. Philad., 1868, p. 195. 
* Gidley, J. W., Bull. Am. Mus. Nat. Hist., vol. 14, p. 116, 1901. 
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Lake, Oregon. These two species have come to be well known in 
palaeontologic literature as representing the Pacific Coast horses, 
though relatively meagre information has been available concern- 
ing both forms. 

The cheek-teeth from Tuolumne County, California, constituting 
Leidy’s type of Eguus occidentalis agree very closely in dimension 
and in enamel pattern with average specimens from Rancho La 
Brea. Considering that the typical Eguus occidentalis occurs in 
approximately the same geographic region as the asphalt forms, 
there seems every reason to believe that the common horses from 
Rancho La Brea represent Eguus occidentalis. The material from 
near Buena Vista Lake in the southern end of the Great Valley of 
California, which Leidy referred to Eguus occidentalis, seems quite 
certainly to represent the same species as the specimens from 
Rancho La Brea. 

In the table of measurements on p. 840, the dimensions of Rancho 
La Brea specimens are shown in comparison with those of the type 
of Equus occidentalis. 

Comparison with Equus pacificus Leidy—The relation of the 
Rancho La Brea horses to the type described from Martinez, Cali- 
fornia under the name of Eguus pacificus is not so easily deter- 
mined as 1s their affinity to E. occidentalis. The type of E. pacificus 
as described by Leidy consisted of a single upper premolar three, 
which was not figured. The enamel is described as less simple 
than in the horses of the group referred to E. occidentalis of Cali- 
fornia, and there was stated to be an inflection of the enamel at the 
anterior end of the post-protoconal valley. The tooth was char- 
acterized especially by its large size. The dimensions are com- 
pared with those of E. occidentalis in the table on p. 840. As 1s 
seen in the table of measurements, the largest specimens from 
Rancho La Brea approach the type of E. pacificus in dimensions. 
They are, however, quite different in average pattern of the enamel. 
Even the largest specimens from Rancho La Brea fall below the 
dimensions of Leidy’s type of E. pacificus, and below Gidley’s 
typical material from Fossil Lake. It is very doubtful whether 
any of the Rancho La Brea specimens thus far examined can be 
referred to E. pacificus. It is evident that the typical horses of 
Rancho La Brea are E. occidentalis. 

Comparison with Equus excelsus Leidy.—The Great Plains species 
described as Eguus excelsus by Leidy in 1858, from material ob- 
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tained in Nebraska, approaches the California E. occidentalis very 
closely. In reviewing the species in 1869 Leidy® stated that there 
was little doubt that E. excelsus and E. occidentalis were the same, 
and he united the two. In 1873 Leidy" referred to the two under 
the name of E. occidentalis. As pointed out by Gidley” the name 
E. excelsus really precedes E. occidentalis. Gidley suggests that 
the Nebraska form shows a tendency to more complicated enamel 
pattern of the cheek-teeth, and that it may be a relatively simple 
variation of a form normally with a much more complicated pat- 
tern than the typically simple teeth of the California E. occidentalis. 
Gidley also calls attention to the fact that E. excelsus and E. occi- 
dentalis were described from geographic stations widely separated 
on opposite sides of the Rocky Mountain system. After weighing 
the evidence available, Gidley held it wisest to consider the two 
species as distinct. 

Recently Hay™ has referred to E. excelsus additional material, 
and has discussed the relation of the species to E. niobrarensis. 

With only meagre material representing the cheek-tooth denti- 
tion at hand, it seems futile to attempt to establish definitely the 
relationship of E. excelsus to the California E. occidentalis. It is 
certainly necessary to have a larger series of teeth, and it will prob- 
ably be necessary to have good skull material before a satisfactory 
comparison can be made. 

A character of the type of FE. excelsus to which both Gidley and 
Hay have called attention is the position of the postpalatine fo- 
ramina, which are unusually far forward, opposite the anterior half 
of M?. In the Rancho La Brea skulls the postpalatine foramina 
range from a position opposite the middle of M? in individuals of 
advanced age to a position opposite the posterior half of M? in 
individuals of middle age with all of the molars in function. The 
type of E. excelsus represents a young adult with M? sufficiently 
worn to show the enamel pattern clearly. It is possible that the 
somewhat advanced position in the California form may be indi- 
cative of relationship to E. excelsus. 

Comparison with Equus scotti Gidley —Of the American Pleisto- 
cene horses known up to the present time Equus scotti, described 


1 Leidy, J., Extinct Mammalian Fauna of Dakota and Nebraska, p. 267, 1869. 
1 Leidy, J., Geol. Surv. Terrs., vol. 1, p. 243, 1873. 

” Gidley, J. W., Bull. Am. Mus. Nat. Hist., vol. 14, p. 115, 1901. 

® Hay, O. P., Proc. U. S. Nat. Mus., vol. 44 (no. 1969), p. 592, 1913. 
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by Gidley,“ is the only form represented by more than a single 
skull. Unfortunately only one of several skulls obtained up to 
the time of Gidley’s revision of the Pleistocene horses in 1901 was 
that of an adult in which all of the teeth had come into full use. 
The Rancho La Brea horses resemble E. scofti in being a large- 
headed form. They differ from F. scotti in the somewhat smaller 
cheek-teeth, less pronounced enamel folds around the fossettes 
and at the anterior end of the post-protoconal valley of the cheek- 
teeth, and possibly also in possessing a shorter and wider nose. 
Other differences will doubtless appear when the two species can 
be more fully compared. 

Comparison with Equus niobrarensis Hay.—Way’s recently de- 
scribed species, Eguus niobrarensis,® from Hay Springs, Nebraska, 
approaches the Rancho La Brea form closely in characters of skull 
and dentition. Both types have a heavy, short head, a heavy 
mandible, and a short, wide nose. The Rancho La Brea species 
differs slightly from E. niobrarensis in the shortness and width of 
nose, relative narrowness across the skull through the anterior 
region of the maxillary ridges, relative narrowness in superior view 
immediately in front of the inion, and smaller size of the orbits. 
The postpalatine foramina and the anterior end of the inferior 
nasal opening are somewhat farther forward in some specimens 
than in E. niobrarensis. 

The cheek-teeth of the Rancho La Brea form are slightly larger 
than in E. niobrarensis, and the tooth row is in most specimens 
relatively longer. The relation of the tooth row to the basilar 
length in the type of E. niobrarensis is 33.8%. In no. 21002, a 
much older specimen, from Rancho La Brea, the proportion is 
34.9%. In no. 20098 it is 36%. 

As shown in the table of measurements on page 840, the average 
width of the cheek-teeth of the Great Plains form is somewhat less 
than in the average of the Rancho La Brea specimens. Unless the 
difference can be shown to hold for a large number of individuals 
it would hardly be considered of specific value. Between £. zio- 
brarensis and the Rancho La Brea form there are certain small 
differences in the pattern of the enamel. In E. niobrarensis the 
folding of the enamel at the anterior and posterior borders of the 


144 Gidley, J. W., Bull. Am. Mus. Nat. Hist., vol. 13, p. 111, 1900. 
6 Hay, O. P., Proc. U. S. Nat. Mus., vol. 44 (no. 1969), p. 576, 1913. 
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fossettes, and at the anterior end of the post-protoconal valley is 
more pronounced, and in that species the anterior end of the post- 
protoconal valley is wider. 

The relation of E. niobrarensis to the Rancho La Brea horses 
suggests a resemblance of the former species to FE. excelsus. E. 
excelsus is apparently somewhat nearer to E. niobrarensis than 1s 
the California E. occidentalis. Inarecent paper Hay" has discussed 
the relationships of E. niobrarensis and E. excelsus, and considers 
them distinct. In Hay’s paper a series of cheek-teeth referred to 
E. excelsus seems partly to bridge the gap between these two species, 
but other characters may still separate them. 

The California E. occidentalis appears to be separable from £. 
niobrarensis by more simple pattern of the enamel of the cheek- 
teeth, and by several skull characters, no one of which seems, how- 
ever, entirely reliable with the material available. The presump- 
tion is that these species are distinct, but it is very desirable to have 
more material of E. niobrarensis for a fully satisfactory comparison. 

Comparison with Equus laurentius Hay.—A fine skull from sup- 
posed Pleistocene near Lawrence, Kansas, recently described by 
Hay,!’ and designated as the type of a new species, Equus lauren- 
tius, represents a form quite different from the California E. occi- 
dentalis. The skull and teeth in E. Jaurentius are much smaller; 
the nose is relatively longer and narrower; the width behind the 
orbits is relatively greater; the mandible is much more slender, 
being narrower or lower below the premolars; the inferior border 
of the mandible is straight instead of sinuous as in E. occidentalis; 
the orbits seem to be relatively larger. 


SUMMARY 


The species of horse commonly represented in the Pleistocene 
beds of Rancho La Brea is not separable from Eguus occidentalis 
first described by Leidy from Tuolumne County, California. 

As represented by the excellent series of specimens from Rancho 
La Brea, Equus occidentalis is characterized by its large, heavy 
head, short and broad nose, high and heavy mandible, and relatively 
simple enamel pattern of the cheek-teeth. 


16 Hay, O. P., Proc. U. S. Nat. Mus., vol. 44 (no. 1969), p. 592, 1913. 
17 Hay, O. P., Proc. U. S. Nat. Mus., vol. 44 (no. 1969), p. 584, 1913. 


Transmitted September 18, 1913 


ASPHALT BEDS OF RANCHO LA BREA 


( NiNcE 1906, the University of California has been continuously 
. = engaged in a study of the prehistoric life of California repre- 
\ Ff sented to us in a marvelous collection of fossil remains, 
nee in the asphalt deposits of Rancho La Brea near Los Angeles. 
The great quantity of material found, the wonderful preservation 
of the specimens, and the great variety of life represented all serve 
to make this locality scientifically one of the peculiar natural 
features of this state. The results which are coming out of a study 
of the collections are the most important ever obtained in this field 
of study on the Pacific Coast. 

The bone deposits of Rancho La Brea are found in asphalt pits 
or chimneys which are the vents through which oil and gas have 
escaped from great reservoirs located far below the surface. Since 
the first accumulation of the asphalt there has been continual trap- 
ping of animals coming in contact with the sticky pools. Wherever 
oil is exuded at the present time, we find birds, gophers, squirrels, 
dogs, and even cattle frequently entangled. This process has led 
to the heaping up of great quantities of remains of animals in past 
periods. In many of the pits the bones are found massed and 
matted together in enormous numbers. Literally hundreds of 
thousands of specimens have been obtained from these deposits. 

The representation of ancient life at Rancho La Brea includes 
numerous kinds of animals, the total number amounting to con- 
siderably more than one hundred forms. ‘These include species of 
elephant, camel, and horse, a saber-toothed tiger, a giant cat 
closely related to the existing lion, and great numbers of extinct 
wolves. The bones are all perfectly preserved as though buried 
within the past few years, and can be assembled in complete skele- 
tons which may be multiplied to hundreds in the University col- 
lections. 

In the course of work at Rancho La Brea, many of the advanced 
students have taken part in the excavations and in the scientific 
study of the collections. 


University of California Blue and Gold, 1916, p. 8, May 1915. 
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NOTE ON THE SYSTEMATIC POSITION OF THE 
WOLVES OF THE CANIS DIRUS GROUP 


N A sTupDY of the Pleistocene canid fauna of Rancho La Brea the 
writer had occasion some years ago to consider division of the 
wolf group into several subgenera. The principal evidence 

favoring splitting of the group was found in the wide difference 
between the dire wolf, Canis dirus, and all other representatives of 
the Canidae in North America. The only circumstance which 
prevented setting the wolves of the C. dirus group aside as a distinct 
genus or subgenus was the lack of such differentiation within this 
group as is to be expected in a generic division showing as wide a 
geographic range as that of the C. dirus forms. The suggestion was 
made that differentiation comparable to that characteristic of a 
genus was perhaps offered by the presence in the Rancho La Brea 
fauna of a second species of the C. dirus group, namely Canis milleri. 
The milleri form was described as a distinct species having characters 
approximating more closely to those of C. dirus than to the char- 
acters of the timber wolves of the C. occidentalis group. 

Subdivision of the Canis group of America has already been pro- 
posed by other authors who would separate such distinct groups as 
the timber wolves and coyotes. Regardless of the question as to 
generic or subgeneric rank of these divisions, there seems to the 
writer no question concerning the necessity of this grouping in order 
to express the relationships and history of these forms. 

The writer’s view concerning the generic distinction of the wolves 
of the C. dirus group has received substantial confirmation through 
the discovery of new material representing a wolf related to C. dirus 
in the Pleistocene of Florida. In his important paper on “Human 
Remains and Associated Fossils from the Pleistocene of Florida’”’ 
Dr. E. H. Sellards! has described the first skull of a member of the 
dire wolf group found outside the California region. 

Paper presented at eighth annual meeting of the Pacific Section of the Palaeontological 


Society, Stanford University, April 6, 1917. University of California Publications, Bulletin 
of the Department of Geology, vol. 10, no. 27, pp. 531-533, April 20, 1918. 
1Sellards, E. H., 8th Ann. Rep. Florida Geol. Surv., pp. 152-57, pls. 24, 30, figs. 1, 3, 
1916. 
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The dentition of Dr. Sellards’ specimen very closely resembles 
that of the type specimen of C. dirus from Indiana. These char- 
acters also fall well within the range of variation of the dire wolves of 
Rancho La Brea. The greater number of the unusual characters 
distinguishing the wolves of the dirus group are recognized by Dr. 
Sellards in his specimen from Vero. The Florida skull is, however, 
characterized by quite different proportions of the facial region, the 
nose and the palate being much narrower and more slender, and the 
premolar teeth more widely spaced than in the Rancho La Brea 
group. In view of these differences, Dr. Sellards seemed justified 
in separating the Florida wolf as a new species to which he has given 
the name Canis ayerst. 

Considering that the several types included in the dirus group 
represent at least three quite distinct forms, in all of which there 
appears a group of common characters sharply distinguished from 
those of other wolves, there is ample Justification for distinguishing 
this group as a separate genus or subgenus for which the name 
Aenocyon? may be applied. 

The generic characters of 4enocyon are found in the massiveness 
of skull and dentition, extreme overhang of the inion, shortness of 
the basicranial region posterior to the glenoid fossae, massiveness of 
the upper and lower carnassials, reduction of the hypocone of M1, 
and probably in characters of the skeleton not as yet available from 
other material than that obtained at Rancho La Brea. 

The genus 4enocyon was widely distributed over North America 
in Pleistocene time. Its range extended from the east to the west 
coast and from Mexico at least as far north as the upper portion of 
the Mississippi Valley. Whether its geographic range extended into 
the Canadian area isas yet uncertain. Itis possible that the timber 
wolves of the Canis occidentalis group occupied the northern portion 
of the continent contemporaneously with the maximum development 
of the Zenocyon group in the Sonoran region. The geologic range 
of Aenocyon is also still to be determined. A somewhat puzzling 
feature in the distribution of these wolves is found in their absence 
from the Pleistocene of Fossil Lake, Oregon. The Fossil Lake 
deposits contain a large vertebrate fauna representing a wide variety 
of forms and ranging from the largest to the smallest mammals and 


2 Aenos: terrible, dreadful; cyon: wolf. 


SYSTEMATIC POSITION OF CANIS DIRUS GROUP 851 


birds, and including representation of some of the most delicate 
osseous structures. Wolf remains are well known in this fauna, 
including bones of both timber wolves and coyotes, but as yet no 
representation of 4enocyon has been recognized in the collections 
from this locality. Had 4enocyon dirus or any other member of the 
group been present in this region in numbers comparable to those 
known elsewhere in the Pleistocene it would presumably have left 
at least some trace of its presence. Its absence may be due to 
limited northern range, or to deposition of the Fossil Lake beds 
at a period earlier, or perhaps later, than that of Rancho La Brea 
and of other deposits in which specimens representative of Zenocyon 
have been found. 

The recognized species of 4enocyon are A. dirus, A. milleri, and 
A. ayersi. } 

Aenocyon dirus® (Leidy) is represented in the Rancho La Brea 
fauna by a wide variety of forms, but always characterized by large 
size, massiveness of dentition, relatively great width of palate, and 
of facial region. 

Aenocyon ayersi* (Sellards) is characterized by large size, rela- 
tive narrowness of facial region compared with 4. dirus, massive- 
ness of dentition, and relatively wide spacing of the premolars. 

Aenocyon milleri® (Merriam) is distinguished in comparison with 
A. dirus and A. ayersi by smaller size, relatively low sagittal crest, 
and less prominent inion. The dentition is massive as in the other 
two forms and the premolars are closely set, as is rather common in 


A. dirus. 


3See Merriam, J. C., The Fauna of Rancho La Brea. Part II, Canidae, Mem. Univ. 
Calif., vol. 1, no. 2, pp. 218-246, 1912. 

*See Sellards, E. H., op. cit. 

6 See Merriam, J. C., op. cit 


NEW PUMA-LIKE CAT FROM RANCHO LA BREA 


NCLUDED in a considerable variety of representatives of the Fe/is 
group known from Rancho La Brea, there is a large puma-like 
cat representing a species distinct from any thus far described 

from North America. As the description of this species is necessary 
to certain studies on the Felidae now in progress, it is desirable to 
present a preliminary description at this time. 


FELIS DAGGETTI, nN. sp. 


Type specimen, a mandible, no. 21572 from locality 2050, Rancho La Brea, 
California. 


The mandible and dentition have approximately the dimensions 
found in the Recent puma of California, but are distinguished by 
unusual massiveness of the cheek-teeth and of the jaw, by unusual 


Fic. 1. Felis daggetti, n. sp. Outer view of mandible of the type specimen, no 21572, 
X 3. From the Pleistocene of Rancho La Brea, California. 


width of the angle of the mandible, and by the unusual backward 
curve or sweep of the coronoid process compared with that in Recent 
pumas. 

This species is named in honor of my friend and colleague, Mr. 
Frank S. Daggett, Director of the Museum of History, Science and 
Art, of Los Angeles, whose interest and co-operation in study of the 

University of California Publications, Bulletin of the Department of Geology, vol. 10, no. 28, 
pp. 535-537, April 20, 1918. 
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Rancho La Brea collections have contributed largely to the effective- 
ness of monographic studies on this fauna now in progress. 

The Felis daggetti specimens represent an animal equaling or per- 
haps exceeding in size the largest pumas of the present day. They 
are apparently to be classed with the puma group rather than with 
the jaguars, and differ widely from the great cats of the Fe/is atrox 
type, with which they were associated. The lower jaw represented 
in the type specimen differs from that of the pumas of the Fe/is 
concolor type in relatively large size and massiveness of the cheek- 
teeth, in the extreme width of the posterior region of P3 and P4, and 
in the stronger backward curvature of the long coronoid process. 
From the jaguar specimens available for comparison the type speci- 
men differs in the more massive lower cheek-teeth, in the greater 
width of P3 and P4, in the relatively shorter anteroposterior diam- 
eter of P4, and to some extent in the greater degree of backward 
curvature of the coronoid process. 


Fic. 2. Felis daggetti, n. sp. Dentition, occlusal view, type specimen, no. 21572, natural 
size, from the Pleistocene of Rancho La Brea, California. 


Several mandible specimens from Rancho La Brea show the char- 
acters of the type specimen of /’. daggetti, Among these is the pos- 
terior portion of a lower jaw representing the first puma-like form 
recognized in the Rancho La Brea fauna.! 


MEasurEMEnTS oF No. 21572, Type SpeciMEN 


Greatest length of mandible from anterior end of symphysis to middle 


off pater Guel Cli GoMalWeons sodbddsobaodoossocsdoosooo oy boos eon 145.7 mm. 
Height of mandible below anterior end of M1....................... SS 
Height of mandible below anterior end of P4....................... Bf 66 
Thickness of mandible below posterior end of M1................... 16.3 
Height from lower side of angle to upper side of condyle............. 31 
Anterior side of canine alveolus to posterior end of M1............... 79.5 
Length of diastema between posterior side of canine alveolus and an- 

(SETH UOLP CHONG? EE I Ce PU Ca A 10.5 
Whoreatest transverse diameterwy Nahin so. cheese teccniuece les Sioll 


1 Merriam, J. C., Univ. Calif. Publ. Bull. Dept. Geol., vol. 7, pp. 42 and 45, 1912. 
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Gsianteroposterior diameter ofjalyeclusiy tere ei eee 16.9 mm. 
pS Vanteropostenionj diameter pee en yan ae iene ayaa ea 14.7 

P3y transverse Giameten a nye vue eT Nua aan Dae nN ene OF 
P4avanteropastertonidiameten eye) san ye enya rea ene 17.6 

PA. transverseidiameten tay sy) wanna tay. MNase YA Aylin eee ne Ny AN 10.5 
Milanteroposterion diame ten em aan ene ae ei ale ee eee 21 
MilMereatestitransverseidiameten tae arene ail alicia iene 10.8 

Mil transverse) diameten|across\pataconidi a4 a.mn. re eee 10.6 

M1, anteroposterior diameter of protoconid................-...-005- 8) 

M1, anteroposterior diameter of paraconid....................+-.-- 10.6 


NOTES ON PECCARY REMAINS FROM 
RANCHO LA BREA 
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the University of California from the asphalt deposits of 

Rancho La Brea has revealed a single astragalus belonging to 
apeccary. Later excavations at Rancho La Brea conducted by the 
Los Angeles Museum of History, Science and Art under the direc- 
tion of the late Dr. Frank S. Daggett have brought to light addi- 
tional remains of the dicotyline group of mammals, among which 
are a fairly preserved skull and some incomplete limb elements. 
These are now in the palaeontological collections of the Los Angeles 
Museum and afford a better opportunity than does the single 
astragalus to secure needed information concerning the group in the 
Pleistocene of California. 

Infrequency of occurrence of peccaries in the asphalt beds lends 
special interest to the record of their presence, and may be of 
greater or less significance in an interpretation of problems relating 
to the Rancho La Brea fauna. The completeness of the record of 
Pleistocene mammalian life in western North America as offered 
by the collections from Rancho La Brea makes it desirable to 
ascertain the status of the more uncommon types occurring in the 
asphalt beds, particularly of forms closely related to species met 
with in other Pleistocene deposits. 


Se of the collections of Pleistocene mammals obtained by 


By John C. Merriam and Chester Stock. University of California Publications, Bulletin 
of the Department of Geological Sciences, vol. 13, no. 2, pp. 9-17, December 22, 1921. 
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PLATYGONUS, possibly n. sp. or n. subsp. 
Skull 


The skull, no. 4400, L. A. M. H. S. A.,! from Rancho La Brea pos- 
sesses the facial region including the palate and superior dentition. 
The posterior portion of the specimen has suffered much loss, but 
on the left side there remain structures around the orbit and pos- 
terior to the glenoid fossa that furnish some information of this 
region of the cranium. At the anterior end of the snout the nasals 
are broken away. The teeth, with exception of M1 and M2, showa 
moderate degree of wear. M2 and particularly M1 are well worn, 
as is also the anterior edge of the superior canine. 

Specimen 4400 is definitely referable to the genus Platygonus. 
The diastema between superior canine and P2 is not characterized 
by great length as in Mylohyus, but is slightly longer than in Tay- 
assu. It reaches a length slightly greater than that of the premolar 
series. [wo incisors are present in each premaxillary, their alveoli 
indicating that the forward or medial incisor was very large while 
the posterior or lateral tooth, situated immediately behind the 
former, was much smaller. P4 is not molariform. Although the 
cheek-tooth series has been subjected to attrition, the cusps of the 
individual teeth seem to be characterized by a more prominent 
development than in teeth of Tayassu. 

The specimen available from Rancho La Brea agrees fairly closely 
in size with peccary skulls from the Pleistocene of Kansas described 
by Williston? under the species Platygonus leptorhinus. It likewise 
compares favorably in this character with skull specimens referred 
to P. compressus. In no. 4400 a shallow fossa is present above and 
behind the posterior margin of the exit of the infra-orbital canal, 
while a deeper fossa is located in front of the opening. Fossae 
comparable to these are noted by Williston in a female skull of P. 
leptorhinus, but are lacking, according to Wagner,’ in the skull of 
P. compressus from the Pleistocene of Michigan. While the groove 
or sulcus that extends along the lateral side of the snout is present 
in the California skull, a continuation of the groove can not be 


1Los Angeles Museum of History, Science and Art, Los Angeles, Calif. 

2 Williston, S. W., Restoration of Platygonus. Kansas Univ. Quar., vol. 3, pp. 23-39, 
pls. 7 and 8, 1894. 

§ Wagner, G., Observations on Platygonus compressus Le Conte. Jour. Geol., vol. 11, 
pp. 777-782, figs. 1-4, 1903. 
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Fics. 1, 2, anp 3. Platygonus, possibly n. sp. or n. subsp. Skull, no. 4400, L. A. Mus. 


Hist. Sci. and Art Coll. X 3. Fig. 1, lateral view; fig. 2, ventral view; fig. 3, dorsal view. 
Rancho La Brea beds. 


traced to the top of the skull because of the destruction of the greater 
portion of the dorsal surface. A scar on the preserved part of the 


frontal suggests the end of the groove of the left side. If this does 
represent the dorsal termination, the latter is situated somewhat 


858 PUBLISHED PAPERS AND ADDRESSES 


closer to the rim of the orbit than in P. leptorhinus or in P. compres- 
sus. Judging from the small portion of the parietal that remains, 
the dorsal margin of the temporal fossa was apparently not promi- 
nent in the specimen from Rancho La Brea. The depth of the 
malar below the orbit in the skull from the asphalt deposits is 
exceeded by the corresponding measurement in a single skull of the 
Kansas series. It is deeper than in the specimens from Rochester, 
New York, determined by Leidy* as belonging to P. compressus. 
The malar is only slightly deeper in no. 4400 than in the Michigan 
specimen of P. compressus. 

The Rancho La Brea species, in shortened diastema, approxi- 
mates more closely the modern peccaries than do other forms of 
Platygonus from the Pleistocene of North America. In no. 4400, 
however, the diastema between the canine and the cheek teeth is 
distinctly longer than in Zayassu, and the length of the diastema 
approximates closely that of the upper premolar series. The 
diastema in the specimen from Rancho La Brea is much shorter 
than in the skull from Kentucky referred by Leidy® to P. compressus 
and in the Pleistocene peccary skulls from Rochester, New York. 
It is also shorter than in specimens referred to P. leptorhinus by 
Williston, and is distinctly shorter than in the skull of P. compressus 
described by Wagner. In skulls described by Leidy and by Willis- 
ton the canine tuberosity seems always to extend farther dorsally 
along the side of the snout than in Platygonus from Rancho La Brea. 
The height of the canine tuberosity is not so great in no. 4400 as in 
the specimen from Michigan, while in both skulls the height equals 
the length of the post-canine hiatus. 

Between the alveoli for the medial incisors a canal extends forward 
from the anterior palatine foramen. The palate in the specimen 
from the asphalt beds is not so broad as that of P. alemani from the 
Pleistocene of Mexico. The median portion of the palate behind 
M2 reaches upward to the postnarial notch, the angle which this 
slope makes with the plane of the palate being greater than in 
Tayassu. The anterior tuberosities of the basioccipital are sepa- 
- rated in median line by a wider groove than in P. leptorhinus, and 
the lateral arm of the basisphenoid, which joins with the alisphenoid, 
lies more in advance of the contact between basioccipital and 

4Leidy, J., On Platygonus, an extinct genus allied to the peccaries. Trans. Wagner Free 


Inst. Sci., vol. 2, pp. 41-50, pl. 8, fig. 1, 1889. 
5 Leidy, J., Trans. Amer. Philos. Soc., vol. 10, pp. 330-341, pls. 36 and 37, 1853. 
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basisphenoid than in the Kansas form. The comparisons of 
basioccipital and basisphenoid have been made, however, with only 
a single specimen of P. /eptorhinus in the collections of the University 
of California. 


Dentition 


The shape of the superior premolar teeth, subject to some varia- 
tion in P. compressus, does not seem to offer a suitable character for 
diagnostic purposes. In the more fundamental characters relating 
to structures of the tooth crown, the teeth in the Rancho La Brea 
skull resemble closely those of P. leptorhinus and of P. compressus. 
The superior premolar-molar series in no. 4400 from Rancho La 
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Fic. 4. Platygonus, possibly n. sp. or n. subsp. Superior cheek-tooth series, no. 4400, 
L. A. Mus. Hist. Sci. and Art Coll. X 1. Lateral and occlusal views. Rancho La Brea 
beds. 


Brea is longer than in specimens of P. compressus and P. leptorhinus, 
although this difference is slight. The cheek teethapproximate very 
closely in length the upper series of P. alemani from Mexico. The 
first and second molars in the California specimen are slightly larger 
than in the Kansas skulls, while measurements of M3 may be ex- 
ceeded by those in the latter. P4 is slightly larger than the corre- 
sponding tooth in the Kansas specimen. All the teeth in the 
California skull are smaller than those of Platygonus vetus when 
comparison is made with the measurements given by Williston. 
With the exception of the anteroposterior diameter of M3, the teeth 
are slightly larger than in P. compressus from Kentucky.® 


® Leidy, J., op. cit., 1853. 
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P2 is subtriangular in horizontal section with the anterior side 
subacute, thus differing slightly from Leidy’s specimens from Ken- 
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Fics. 5 to 8b. Platygonus, possibly n. sp. or n. subsp. Limb elements. X 1. , Fig. 5, 
proximal portion of radius-ulna, no.-4402, anterior view; fig. 6, fourth metacarpal, no. 4403, 
anterior view; fig. 7, astragalus, no. 24066, dorsal view; figs. 8¢ and 8d, ungual phalanx, no. 
4401, lateral and dorsal views. Nos. 4401, 4402, and 4403 in L. A. Mus. Hist. Sci. and Art 
Coll.; no. 24066 in Univ. Calif. Palae. Coll. Rancho La Brea beds. 


tucky. Two cusps are developed on the crown, the inner one of 
which is somewhat the larger. A well defined cingulum is present, 
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which is especially prominent on the postero-external side and is 
absent only at the base of the inner cusp. 

P3 is subquadrate with two cusps of nearly equal size. An incipi- 
ent tubercle is present immediately behind the space between the two 
cusps. A cingulum is strongly developed around the entire tooth. 

P4 is shaped much as in P. compressus. ‘Two nearly equal cusps 
are present on the crown with a tubercle, behind their interspace, 
slightly stronger than on the crown of P3. This tooth is little worn. 
The structure of the crown of the tooth closely resembles that in P. 
compressus and in P. leptorhinus. 

Mi is much worn. No cingulum is present on the inner side of 
both protocone and hypocone, and this is true also for the two 
posterior molars. In M2 a well developed cingulum is present along 
the anterior border. This ledge is more prominently formed along 
the posterior base of the hypocone than in the corresponding tooth 
of P. leptorhinus. 

In M3 the anterior pair of cusps is larger than the posterior pair 
and the anterior transverse ridge is wider transversely than the pos- 
terior one. A cingulum is strongly developed along the anterior 
border and and along the outer posterior border from the paracone 
to the hypocone. 

MEASUREMENTS OF SKULL 


Length measured from anterior end of premaxillary to anterior margin 


Lk LOVE SEMEL TD HON 5 GU dyin Rolo SoM he Caos Sen eLOee Cea an a255_ mm. 
Wenpchrompalatcmanmem nan seursnin mee wt Menta et ea AlN LSet, 181 
Length of anterior end of canine tuberosity to posterior margin of infra- 

Cuelant ee Vee Wee i ti al a SIM a ee na Se a RC 84 
Vertical height from palate to top of skull, measured at posterior margin 

Ofsinitacorbitalttossamer tee nas escent secitetunt se lae ielene siete elena lela: at 82.7 
Vertical height from palate between canines to top of nasals......... 50.5 
NNiiclchyacrosstolenoiditossaenenayrrrin ste irleye ator ent pacieie ahelsiaes a128 
Niirelith¥e'crossipostonbitalyprocesses ener erie siisl pave ticar oe 488 
WWicdthiatimidaleioizyaomaticmrches nancy aaanri eases aes a124 
Width of face at posterior margins of infra-orbital fossae............ 46 
Wicithrofisnottia boveulVican vin shite any, al clube iinyni MIs Sie es 44. 
Width between outer walls of canine alveoli.....................-. 73 
Width of palate measured between postero-internal roots of M1...... 23 
Width of palatal portion of palatine immediately behind M3......... 18.5 
Witdthtotspremaxilanesiatiantenonenduany shane en aes & 38.5 
Dorwose acl! Glee OF Gok ddocusuansadenegeoucesoodoaswouleses a36.7 
Greatest depth of zygomatic arch below orbit.....................- 41.7 
Weng thromdiastemalbetween| Cvand iy 2aevmi ie aetee alec ci mays elon 36.7 
Least distance between alveolar borders of lateral incisor and canine... 20.3 
Height of canine tuberosity.............. MeVa Sete Conseebsiasysncveee Raven i as 36.7 


a, approximate. 
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MEASUREMENTS OF SUPERIOR DENTITION 


Length, anterior end of alveolus for medial incisor to posterior side of 


10) Ee IVP SLM OURO tN Sr IM AURA Ue UR EMI RMINA S APA a 162 - mm 
Length, anterior side of canine to posterior side of M3.............. 134.4 
Length; anterior, side of P2) to posterior side of) M3) 4-44-42 45.0) 2. 82.2 
ength)orspremolanseniese2)toyeayinclusives yen eee entree 32.8 
Length ofimolarjseries eeu aen enna ney a Malate at a i Danae 50 
Supenior.caninesanteroposterionmdiameter sree erence ene a15.5 
Superionicaninestransverserdiainc tetanner ery ila in ene eee 8.4 
P2santeropostenion diame tele a aren ane Meer eee ee DP 
P2) transverse diameter cui ynweenya a eactets) ak ro sae yen UE etiam aeraeae 10 
P3manteropostenionaiametet nent ae ener een eer eer 11.4 
PS: transverse diameter ty aie fans ene ee eee ele) RT ee 12.4 
Pa anteroposteriomidlameter ya) eT sera ne ase ee ae eee LBS 
P4Sitransversediametense iene pete iey tect ra ter eU naa dere aN ae 14.2 
Mis anteroposteriondiameter errr e rrr C ener rr eer ier waren 14.5 
Mid transverserdia meters jomievs ssc sdak laste eecuanpale nar ean ie nae 13.4 
MZ Manteroposteriondiametennes rarer eer ne eee 18.8 
M25 transversexdiameter ens in ite Cite oe eee ane are RAL AC aR IS oe 
Mstantetopostetiondiameten ere ne nena eee. een aan 17.3 
M3.‘transverseidiameteraa Aen cen cleat mee tet aa aaa 15 


a, approximate. 


Limb Elements 


A proximal portion of the fused radius and ulna (fig. 5) agrees in 
size with Platygonus leptorhinus so far as this 1s indicated by the 
preserved specimen from Rancho La Brea. A fourth metacarpal, 
no. 4403 (fig. 6), is slightly shorter than the corresponding element in 
P. leptorhinus. The metapodial exhibits a small facet along the 
inner proximal margin for the third metacarpal. A small contact 
surface was possibly present at the proximo-lateral end which is now 
broken away. A single astragalus, no. 24066, Univ. Calif. Coll. 
Palae. (fig. 7), is somewhat smaller than the corresponding element 
in P. leptorhinus. ‘This specimen possesses proportions similar to 
those of the astragalus in the Kansas species. An ungual phalanx 
(figs. 82, 8b) presumably belongs to this dicotyline species from the 
asphalt deposit. In shape it much resembles the toe bones of 
Platygonus. The ventral surface is broad and flat. In lateral 
aspect (fig. 82) the dorsal surface is seen to be inclined at an angle 
of approximately 27° to the horizontal plane of the ventral surface. 

MEASUREMENTS 
Radius-ulna, no. 4402: 


Greatest transverse width of articulating surface for humerus.......... 30.3 mm. 
Meastawidthyofyoinediradiusanduulnansnreee ere ieee a ane 27 


~ a 
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Fourth metacarpal, no. 4403: 


Greates lens charmer py ceas we verter ary tee arcley ele alia te Ui lary ny clita lle sias 0 80.1 mm. 

easthwid chyotishialtamennwnw siete suena luni el lait al MUM SON 12 

Meastianteropostehiomdiametenoiushatt cere ey erie eereiaerace 12.8 
Ungual phalanx, no. 4401: 

JENNA) NOSTAT OL? CANIN ACI 4.¢ bo so KOH G6 oho CoH OOOoesMEn IE oaoSNOtGos bon 28.3 

Greatesteproximalawiclthinamiet ris) scr ivy wiley alate ralbajets aa aly a aie 14.3 

Greavesteel altars wu pupa seycisrreneyweectar A sucnays late ciWiesathideeress le ols 19.2 
Astragalus, no. 24066: 

Greatest lean allo miaar Sl. ososococgdabdovcnasGngndcdcaduooNES 34.4 

Greatestawidthiotdistaliendianm unre writer uetermmcmo Wad ek Wa |i l, DD oP 

Least width across dorsal surface at distal end of trochlea for tibia....... 15.8 

CoNCLUSION 


The information gained from a study of peccary remains from 
Rancho La Brea, consisting of a fragmentary skull, the superior den- 
tition, and a few skeletal parts, indicates the presence there of the 
genus Platygonus. A close relationship exists between the species 
from the asphalt beds and P. compressus and P. leptorhinus. Cer- 
tain characters of the skull suggest, however, the possibility of 
specific or subspecific separation from other known American forms. 
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MAMMALIAN REMAINS FROM A LATE TERTIARY 
FORMATION AT IRONSIDE, OREGON 


INTRODUCTION 


of Natural History kindly called the attention of the writer toa 

reported occurrence of fossil mammalian remains at a locality 
near Ironside, Malheur County, Oregon, the information having 
come to Dr. Matthew through Mr. H. E. Anthony, of the Depart- 
ment of Mammalogy and Ornithology in the American Museum. 
In subsequent correspondence Mr. Anthony informed the writer 
that a number of specimens had been obtained by his father, A. W. 
Anthony, at various localities in Malheur County, Oregon. In 
later correspondence, Mr. A. W. Anthony kindly furnished to the 
writer such information regarding the localities as was available. 
These discoveries suggested the occurrence of a fauna of importance 
in consideration of the history of mammals in the northern portion 
of the Great Basin province, and the writer accepted the invitation 
of Mr. Anthony to visit the Ironside region and examine the fossil- 
bearing formation. 

In company with Dr. J. P. Buwalda of the University of Califor- 
nia the writer had the opportunity to make a hurried survey of this 
region in June, 1916. ‘The writer desires to express his appreciation 
of the courtesies extended by Mr. and Mrs. Anthony during the 
visit to Ironside, and for several interesting mammal specimens 
presented to the University by Mr. Anthony. It is also a pleasure 
to acknowledge the courtesy of Dr. Matthew and Mr. H. E. An- 
thony in furnishing the original information leading to investigations 
of this locality. 


ik DECEMBER, 1915, Dr. W. D. Matthew of the American Museum 


OccURRENCE AND AGE 
The Ironside region, in which the mammalian finds are reported, 
is situated on the extreme northern border of Malheur County, 


University of California Publications, Bulletin of the Department of Geology, vol. 10, no. 9, 
pp. 129-135, December 23, 1916. 
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Oregon, and is about thirty miles west of the middle of the eastern 
border of the state. This region lies at the southeastern base of the 
Blue Mountains, and is at the northern end of the great series of 
broken plains and short mountain ranges extending through south- 
eastern Oregon into Nevada. The Ironside region is drained by 
Willow Creek, a tributary of Malheur River. 

The beds in which the fossil remains were found by Mr. Anthony 
are in the immediate vicinity of Ironside Post Office. Some of the 
exposures are at an elevation of 3800 feet above sea-level. Some- 
what to the east of Ironside similar sedimentary formations seem 
to be situated at an elevation of at least 4000 feet. 

The mammal-bearing formation consists of buff sandy shales and 
shales with but little sand. The beds stand at varying angles rang- 
ing up to a degree of inclination of at least 20 degrees. 

Locality 3037, at which the most important specimens were found, 
is located about three-fourths of a mile southwest of Ironside Post 
Office. At this locality, Mr. Anthony secured several fragments of 
upper teeth of Hipparion, a well-preserved lower tooth constituting 
the type of Hipparion anthonyi, a fragment of a rhinoceros tooth, and 
fragments of mastodontine teeth. One quarter of a mile south of 
locality 3037 Elmer Molthan obtained a well-preserved tooth of a 
mastodontine form apparently derived from beds not widely 
different in age from those at locality 3037. 

The equid remains found in the sediments near Ironside represent 
a form most closely approaching in stage of evolution the Hipparion 
species from the Ricardo Pliocene. The stage of evolution of the 
fragmentary equid remains from Ironside is approximately that of 
the Hipparion species known from formations of the Great Basin 
and Pacific Coast provinces generally referred to the Pliocene. 
There is good reason for believing that the sediments at Ironside are 
not younger than middle Pliocene and not older than late Miocene. 
Future investigations should bring out more exactly the age relation 
of this formation to the Rattlesnake Pliocene of the John Day 
Valley. The fauna listed from the Idaho formation by Lindgren! 
in his important papers on the Tertiary formations of southwestern 
Idaho contains as one of its important elements equid forms which 
have been referred to Equus, and there can be no doubt that the 


1 Lindgren, W., 20th Ann. Rep. U. S. Geol. Surv., Part 3, p. 99, 1900. 
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fauna at Ironside is not contemporaneous with that portion of the 
Idaho formation from which Lindgren’s Idaho fauna was obtained. 

At the present time some of the important problems in Tertiary 
geology and palaeontology of the Great Basin region depend upon an 
understanding of relationships between the John Day section and 
that of the Idaho region. By reason of its geographic situation the 
occurrence of mammal remains at Ironside may ultimately be of 
large service in the work of determining the time-relations between 


the Idaho sequence of faunas and the sequence of the John Day 


region. The Ironside locality is so situated that mapping of the 
region will make possible a determination of the stratigraphic rela- 
tions of the sediments to the formations of the Snake River region of 
Idaho. Large exposures of sedimentary formations extend with 
few apparent interruptions from Ironside along Willow Creek and 
Malheur River to the type areas of the Idaho and Payette forma- 
tions of the Snake River Valley. Some of these exposures pre- 
sumably represent the Idaho formation, but it is not improbable 
that several formations or several stages of the later Tertiary are 
represented. ‘The Ironside locality is also situated near the John 
Day Valley, in which there is represented the best stratigraphic 
section and the best palaeontologic sequence known as yet in the 
Great Basin province. It is probable that further palaeontologic 
and geologic studies will make it possible for us to understand the 
relation between the beds at Ironside and the John Day section. 
There is further the possibility that we may be able to determine 
the relation of the formation at Ironside to a great series of Tertiary 
deposits on the south side of the Blue Mountains, immediately to 
the south of the John Day Valley. The exposures on the south side 
of the Blue Mountains presumably represent a large part of the 
sequence of formations and faunas known within the John Day 


Valley. 


HIPPARION ANTHONY], n.sp. 


Type specimen a second lower premolar, no. 22351, from Tertiary beds exposed 
three-fourths of a mile south of Ironside, Malheur County, Oregon. 

The species is represented by a single tooth presented by A. W. Anthony of 
Ironside, Oregon. The horizon at which this specimen was found is presumed 
to be early Pliocene or latest Miocene. 

Crown of medium height, narrow transversely. Enamel pattern showing 
uncommonly strong secondary plications. Several very strong secondary plica- 
tions forming a sheaf of projecting folds on anterior side of hypoconid. 


868 PUBLISHED PAPERS AND ADDRESSES 


Specimen 22351 (figs. 1a to 1c) differs from Merychippus and 
Pliohippus in its greater relative size and stage of advance of the 
metaconid-metastylid column and entoconid, and in greater compli- 
cation of its enamel folds. Of the Great Basin and Pacific Coast 
province equids Hipparion mohavense callodonte of the Ricardo 
Pliocene most nearly approaches the form from Ironside. In the 
West Coast Merychippus and Pliohippus species the metaconid- 
metastylid column is relatively shorter anteroposteriorly, and wider 
transversely, and the entoconid is not filled out to the same extent 
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Fics. 1¢ to 1c. Hipparion anthonyi Merriam. P2, type specimen, no. 22351, natural 


size. Fig. 12, occlusal view; fig. 14, outer view; fig. 1c, inner view. From late Tertiary beds 
near Ironside, Oregon. 


Fic. 2. Hipparion anthonyi Merriam?. Fragment of an upper cheek-tooth, no. 22355, 
natural size. From late Tertiary beds near Ironside, Oregon. 


on the antero-internal angle. In general the entoconid of Mery- 
chippus and Pliohippus species is truncated obliquely on the antero- 
internal angle by a plane or curved face, extending outward and 
forward from the inner side, while in Hipparion this region is ex- 
panded and the cross-section of the entoconid tends to take on a 
rectangular outline, instead of the approximately triangular section 
seen in Merychippus, or the triangular to imperfectly rectangular 
but anteroposteriorly short section seen in Pliohippus. 

In no Great Basin or Pacific Coast species of Merychippus, Proto- 
hippus, or Pliohippus known to the writer does the enamel show 
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such a high degree of secondary folding as in the specimen 22351 
from Ironside. In Hipparion mohavense callodonte the enamel 
folds show much secondary crinkling, though less than in the Iron- 
side form. The crown of H. m. callodonte is slightly larger and 
relatively thicker transversely, and the entoconid fuller on the 
antero-internal angle. In the type specimen of H. m. callodonte 
there are two small folds on the antero-external side of the hypo- 
conid, but these folds are smaller than those in this position on the 
type of H. anthonyi. In other specimens from the Ricardo beds the 
structure differs more from that of no. 22351 than in the case of the 
type specimen of H. m. callodonte. 

Of the Hipparion species from the northern end of the Great 
Basin, Neohipparion leptode of the Thousand Creek Pliocene shows 
a single very strong fold on the anterior side of the hypoconid, but 
the enamel is otherwise comparatively simple and the tooth crown 
in the type specimen, a second lower molar, is extremely narrow. 
No specimen of P2 of N. Jeptode is known. From the Rattlesnake 
Pliocene of the John Day region a specimen with a tooth crown of 
exactly the same height as the type specimen of H. anthonyi shows 
the enamel very much simpler and the crown relatively very much 
thicker transversely. P2 of Hipparion condoni from the Ellensburg 
formation is unknown. The enamel pattern in H. condonzi is fairly 
complicated, but there is much less crinkling in long teeth than in 
the relatively short teeth of the type of H. anthonyi. There is a 
small fold on the anterior side of the hypoconid in a posterior pre- 
molar. The size of the crowns in Hipparion condoni suggests a 
type near the size of the Ironside specimen. Other characters 
indicate that the two forms are not specifically identical. 

From such evidence as may be obtained from the single tooth 
available it may be concluded that no. 22351 from Ironside repre- 
sents a species distinct from any thus far described in the Great 
Basin region and that the stage of evolution is not far from that of 
the Ricardo hipparions. This would indicate that the deposits 
near Ironside are of early Pliocene or late Miocene age. 

A single fragment, no. 22355 (fig. 2), of an upper cheek-tooth from 
the deposits near Ironside consists of a cement-filled fossette with 
the enamel wall. The wall shows very strong plications, eight folds 
on one side and four on the other. This fragment evidently repre- 
sents a Hipparion form similar in character to H. anthonyi, and it 
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may be considered to represent that species. The form of fossette 
and degree of complication of the enamel folds bordering it suggest 
the character of the Rattlesnake Pliocene species with most com- 
plicated enamel. 


COMPARATIVE MEASUREMENTS 


H. m. callo- 
donte 
No. 22351 No. 21311 
x Ironside Ricardo 
P2 santero postenion diame ten mn) eee eerie een mee 27.8 mm. 28.4 
P2\ transverse) diameteniactossi hy poconidurr emery taser eee 11.4 12 


TETRABELODON!, sp. 


A single lower cheek-tooth (no. 22883, fig. 3) found by Mr. Elmer 
Molthan one quarter of a mile south of locality 3037 near Ironside, 
Oregon, represents a large mastodontine form presumably from the 


Fic. 3. Tetrabelodon?, sp. Lower cheek-tooth, no. 22883, natural size. Outer and oc- 
clusal views. From late Tertiary beds near Ironside, Oregon. 
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same formation and from approximately the same horizon as the 
teeth described as Hipparion anthonyi. ‘The low conical tubercles 
are lightly connected transversely, and a few accessory tubercles are 
situated in the transverse valleys. This form resembles a type 
found in Great Basin beds referred to Pliocene or late Miocene, but 
the Pliocene mastodontine forms of this province are as yet very 
imperfectly known, and until further comparative studies have 
been made it is not possible to make satisfactory determination of 
the species represented by this specimen. It is, however, of im- 
portance to place on record the occurrence of this form. 

Two fragments of mastodontine teeth from locality 3037 repre- 
sent a type which does not give evidence of differing from specimen 
22883 found by Mr. Molthan. 


MEASUREMENTS OF No. 22883 


Greatestranteroposteriomdiametct meen aati vets aie 145 mm. 
Greatest transverse diameter across second transverse crest from anterior 
CTC Se TINTING CUR SONU ARRON Kip spaen! Nailer! dy Cok pened Aral Naidu ea 62 


RHINOCEROTID, indet. 


A fragment of an upper rhinoceros cheek-tooth from locality 
3037 represents an indeterminate form. It is possible that future 
studies with the use of exceptionally good material for comparison 
may make possible an approximate determination of this tooth. 
For the present it is desirable to record the occurrence of rhinocerotid 
remains at this locality. 


Transmitted December 18, 1916 


NEW MAMMALIA FROM THE IDAHO FORMATION 


CONTENTS 
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INTRODUCTION 


N ATTEMPTING to work out a correlation scheme of the Cenozoic 
formations in the Great Basin region, the writer has found the 
Idaho formation particularly difficult to interpret with regard 

to its stratigraphic relations and to its fauna. In the summer of 
1916 the principal exposures in southwestern Idaho were visited in 
company with Dr. J. P. Buwalda in the interests of the United 
States Geological Survey. In the course of this investigation a 
number of significant collections of mammalian remains were 
obtained. In the material secured there are a few new forms to 
which it is necessary to make reference in several papers discussing 
phases of the Idaho problem. A full discussion of the Idaho fauna 
with particular reference to its affinities will be presented in a later 


paper. 
ISCHYROSMILUS?! IDAHOENSIS, n. sp. 


Type specimen, no. 22343, from beds referred to the Idaho formation at locality 
3036C, near Froman Ferry on the Snake River in southwestern Idaho. The type 
consists of the anterior two-thirds of the left ramus of a mandible with the roots 
of all of the teeth. 


University of California Publications, Bulletin of the Department of Geology, vol. 10, no. 26, 
pp. 523-530, April 20, 1918. Published by permission of the Director of the United States 
Geological Survey. 


1 Ischyrosmilus, new genus, founded upon Machaerodus? ischyrus Merriam. Genus char- 
acterized as follows: mandible massive; flange clearly marked, relatively wide anteropos- 
teriorly, slightly wider than in Smilodon, not as strongly developed as in Machaerodus; di- 
astema much as in Machaerodus but shorter than in Smilodon. P3 very small with one root. 
P4 with single posterior cusp or incipient division of this cusp. For more extended dis- 
cussion, see Merriam, J. C., Tertiary Mammalian Faunas of the Mohave Desert Region, 


Univ. Calif. Publ., Bull. Dept. Geol., in press. 
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Specimen no. 22343 (fig. 1) represents a very large sabre-tooth 
approximating the dimensions of the largest individuals of Smilodon 
californicus from Rancho La Brea. The Idaho specimen differs 
from the typical S. californicus in dentition by the presence of a 
small P3. This tooth is found in a small percentage of the Rancho 
La Brea sabre-tooth specimens, but is normally absent. The Idaho 
mandible differs from that of S. californicus very decidedly in the 
size and proportions of the flange below the diastema. In S. califor- 
nicus the flange is comparatively short, ending posteriorly rather 


Fic. 1. Ischyrosmilus? idahoensis, n. sp. Outer and superior views of mandible. Type 
specimen, no, 22343. 4. From beds referred to Idaho formation, near Froman Ferry, 


Idaho. 


abruptly some distance in front of P3. In no. 22343 the posterior 
end of the flange fades out below the anterior end of P4. A flange 
of the type seen in the Idaho specimen is found also in [schyrosmilus 
ischyrus of the Tulare Pliocene of California, in J. osborni of the 
Ricardo Pliocene, and in Machaerodus palaeindicus of the upper 
Siwalik beds of India. 

The Idaho specimen possesses three mental foramina in contrast 
to the one large foramen seen in Smilodon californicus. 

The tooth crowns in no. 22343 are unfortunately all broken away 
with the exception of a considerable part of the lower canine and 
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about one-half of the crown of P3. Sufficient portions of the roots 
remain to give an estimate of the relative dimensions of the teeth. 
These measurements indicate that P4 is relatively smaller and Mi, 
larger than in S. californicus. As these measurements are based 
upon the upper portions of the roots or upon the neck of the teeth 
they are not exactly comparable with the measurements from 
perfectly preserved crowns of S. californicus, as the lower region of 
the crowns has a somewhat longer anteroposterior diameter than 
the upper portion of the root or the neck. 

The incisors of the Idaho form appear somewhat thicker trans- 
versely than in the typical species of Smizlodon from Rancho La 
Brea. 

With the fragmentary material available it is impossible to draw 
very satisfactory conclusions as to the systematic position and age 
of the Idaho sabre-tooth. The presence of a well developed P3 
taken with the unusual anteroposterior diameter of the flange and 
the relatively large size of M1 suggests affinity with the Pliocene 
genus Ischyrosmilus represented in the Ricardo and in beds referred 
to the Tulare, of California. Machaerodus palaeindicus of the 
Siwalik beds differs from all of these forms in possession of a two- 
rooted P3. 

While it is true that P3 may be well developed in adult individuals 
of Smilodon californicus as in the Idaho specimen, this occurrence is 
so exceptional that the chance of having this tooth occur in an 
isolated individual would be very small. 

So far as the evidence of this sabre-tooth is concerned, it might 
be presumed to suggest a somewhat earlier geologic stage than that 
of S. californicus. It should also be noted that the Idaho form is 
much larger than the specimens from the Ricardo and the Tulare 
and might therefore be later than the horizons represented by the 
Ricardo and Tulare faunas. 


CoMPARATIVE MEASUREMENTS 


S. cali- 
fornicus 
I.ischyrus I.osborni No. 22180 
No. 22343 No. 8140 No. 19476 Rancho 
Idaho Tulare Ricardo La Brea 


Height of mandible below anterior end of P4. 49mm. 41.2 34.7 40.3 
Thickness of mandible below anterior end 

OBA SEEN Sr eS iy Mpa E In 22.2 Lan ve 18.3 
Height of mandible below anterior end of P3. 52 41.4 36 37 
Length anterior side inferior canine to pos- 


terion’ side MTU NOL Ay ue OaGERSe ere 135.2 107 81 134.2 
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S. cali- 
fornicus 
I.ischyrus JI.osborni No. 22180 
No. 22343 No. 8140 No. 19476 Rancho 
Idaho Tulare Ricardo La Brea 


Length anterior side P3 to posterior side of 


IVI Eee te sette ural Ae ubyalaa cis aC or 71.6 mm. 61.7 Wes 65).5 
Wengthiotidiastemannmneren ne vn enn ane 46.4 3133.6) 26.5 Sil 5 
Cxanteroposteniondiametera ym anaetia let: MQ) ,2 14.5 a0 16.2 
P3, anteroposterior diameter.............. 10 7 a6.4 9.9? 
P4, anteroposterior diameter.............. So Ul 20 16.7 25 
M1, anteroposterior diameter.............. 88.02 28.5 24 30 
M1, greatest transverse diameter........... 119}.5) 15 11 15 


@, approximate. All measurements of teeth approximate on neck or base of crown. 


Fics. 24 to 2c. Neotragocerus lindgreni, n. sp. Worn-core. Type specimen, no. 3941, 
U.S. Nat. Mus. X 3. Fig. 24, median view; fig. 2, cross-section at middle height; fig. 2c, 
posterior view. From beds referred to the Idaho formation three miles east of Boise, Idaho. 


NEOTRAGOCERUS LINDGRENI, Ni. Sp. 


Type specimen, a horn-core, no. 3941, collection of U. S. Geological Survey 
assembled by W. Lindgren. Found three miles east of Boise, Idaho, by Edward 
S. White. Occurrence doubtfully in Idaho beds. 


The horn-core (figs. 2a to 2c) obtained by Lindgren from the Boise 
region represents an antelope of the Tvagocerus type and approach- 
ing the characters of the Snake Creek Pliocene form described as 
| Neotragocerus improvisus by Matthew and Cook.? 


? Matthew, W. D., and Cook, H. J., Bull. Amer. Mus. Nat. Hist., vol. 26, p. 413, 1909. 


876 PUBLISHED PAPERS AND ADDRESSES 


The Idaho specimen is more slender than N. improvisus, and may 
show slightly greater lateral compression. It is also more slender, 
longer and more distinctly flattened transversely than horn-cores of 
the Recent mountain goat, Oreamnos. Additional material will be 
required before the position of the species represented by this speci- 
men can be clearly determined. 


EQUUS IDAHOENSIS, n. sp. 


Type specimen, an upper cheek-tooth, no. 22348, from locality 3036C in beds 
referred to the Idaho formation near Froman Ferry on the Snake River, eight 
miles southwest of Caldwell, Idaho. 

Referred to this species is also a lower premolar, no. 22347, from beds referred 
to the Idaho formation at Froman Ferry. 

Cheek-teeth large and heavily cemented, characters as in typical Eguus, ex- 
cepting in the nature of the protocone of the upper cheek-teeth and of the inner 
gutter between metaconid and metastylid columns of the lower cheek-teeth. 

Protocone very short anteroposteriorly but distinctly concave on the inner 
border. Character of the protocone approaching that of Eguus stenonis of the 
European Pliocene. Gutter on inner border of metaconid-metastylid column of 
lower cheek-teeth narrow and angular as in Pliohippus. 


An upper tooth, no. 22348, from locality 3036C in Idaho beds near 
Froman Ferry on the Snake River represents an animal as large as 
Equus pacificus or the largest individuals of E. occidentalis. The 
crown (fig. 3) is very heavily cemented. Unfortunately it has 
suffered so much wear that the original length and curvature cannot 
be estimated. The fossettes are very narrow, as might be expected 
at this stage of wear, and show plications of such extent as to indi- 
cate that considerable folding of the walls would be shown at an 
early or middle stage of wear. The outer styles are strong. The 
outer walls of protocone and paracone are much flattened. The 
protocone is small and short anteroposteriorly, the stage of antero- 
posterior abbreviation suggesting that in Pliohippus. Asin Equus, 
the anterior border of the protocone is prolonged anteriorly much 
beyond the isthmus, connecting the protocone with the protoconule. 
The inner border of the protocone is distinctly concave, as in Eguus. 
The characters of this tooth are those of Eguus, with the exception 
of shortness of the protocone, which suggests Pliohippus. The 
characters of the anterior and inner borders of this pillar are clearly 
those of Eguus. Anteroposterior shortness of the protocone occurs 
in a few species of Equus, especially the earlier members of the group. 
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An upper cheek-tooth, no. 22346 (fig. 4), was obtained at locality 
3039, in bluffs assumed to be Idaho exposed along the north bank 
of the Payette River, about four and one-half miles southeast of the 
town of Payette. The anterior portion of the protocone of this 
specimen is broken away. The characters of this tooth do not seem 
in any particular to differ from those of the Equus. The posterior 
portion of the protocone column is shorter than this region often 
appears in Equus, but matches the proportions commonly seen in 
Equus occidentalis. ‘There is good reason for considering that this 
tooth represents a typical Equus species not far removed from £. 
occidentalis. It differs from average specimens of F. occidentalis 
in greater lateral compression of the fossettes, and in the more pro- 
nounced complication of the enamel borders of the fossettes. 


Fic. 3. Equus idahoensis,n. sp. P4, occlusal view. Type specimen, no. 22348, natural 
size. From beds referred to Idaho formation, near Froman Ferry, Snake River, Idaho. 


A lower premolar, no. 22347 (fig. 5), from locality 3036C in pre- 
sumed Idaho beds at Froman Ferry represents a large and very 
advanced horse. The crown is long and heavily cemented; the 
outer faces of the protoconid and the hypoconid are flat. The 
metaconid-metastylid column is long anteroposteriorly and the 
valleys anterior and posterior to this column are narrow transversely. 
In all these characters this tooth distinctly resembles Eguus. Ina 
single feature, namely, in the acuteness of the inner fold of the 
metaconid-metastylid column, this tooth shows resemblance to 
advanced forms of Pliohippus. In Eguus the gutter is commonly 
broad and flat. Occasionally, however, it may be narrow and the 
inner end of the fold acute. On the whole this tooth is of the Eguus 
type with only a single suggestion of Pliohippus in its structure. 

Compared with the teeth of Eguus from the Columbia River bluffs 
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Fic. 4. Equus idahoensis? M1?, occlusal and outer views, no. 22346, natural size. From 
beds referred to Idaho formation, bluffs on north side of Payette River about four and one- 
half miles southeast of Payette, Idaho. 


Fic. 5. Eguus idahoensis? P4, outer and occlusal views, no. 22347, natural size. From 
beds referred to Idaho formation, near Froman Ferry, Snake River, Idaho. 


near Ringold, Washington, upper tooth 22348 is somewhat larger 
and the protocone 1s much shorter anteroposteriorly. The upper 
tooth from the Idaho beds at locality 3039 is not apparently less 


3 Merriam, J. C., and Buwalda, J. P., Univ. Calif. Publ. Bull. Dept. Geol., vol. 10, p. 256, 
1917. 
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Equus-like than the teeth from near Ringold, unless it be in the 
character of the anterior portion of the protocone, which 1s unfortu- 
nately broken away in the Payette River specimen. The portion 
of the protocone remaining in the Payette River specimen is perhaps 
a little thicker transversely than in the Ringold specimen, but a 
complete protocone might show more advanced lateral compression. 

The lower tooth from locality 3036C from the Snake River is 
slightly more Pliohippus-like than a large lower tooth from the ex- 
posures near Ringold. In the Idaho specimen the inner faces of the 
protoconid and hypoconid are a little less flattened, and the inner 
groove of the metaconid-metastylid column is much narrower and 
much more acute. In this respect the Idaho specimen is more 
Pliohippus-like than that from the beds near Ringold. 

A number of specimens representing foot-bones of a large horse 
from beds referred to the Idaho show no evident characters dis- 
tinguishing them from the corresponding elements of Pleistocene 
species of Eguus. 


CoMPARATIVE MEASUREMENTS 


Large Individuals 
E.idahoensis E. idahoensis? E. agie ID, eee 
P4? Mi? dentalis ficus 
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RELATIONSHIPS OF PLIOCENE MAMMALIAN 
FAUNAS FROM THE PACIFIC COAST AND GREAT 
BASIN PROVINCES OF NORTH AMERICA 
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INTRODUCTION 


y ucH less than a decade ago the imperfection of our knowledge 
@ of North American Pliocene mammal faunas was so evi- 
a dent that it merited comment. Questions frequently arose 
concerning the relative paucity of mammalian remains and of forma- 
tions representing this period, and explanation of the absence of 
Pliocene records included suggestion that the faunas had been 
largely described as Miocene or Pleistocene, or that conditions of 
relief had been unfavorable for accumulation of continental deposits. 
As recently as 1909 Pliocene mammalian life known west of the 
Rocky Mountains was practically all comprised within seven more 
or less doubtfully determined species from the Rattlesnake Pliocene 
of the John Day Valley and several doubtful species from the imper- 
fectly understood Idaho beds of Idaho. At that time the Great 
Plains Pliocene fauna included the Blanco of Texas, and the Repub- 
lican River doubtfully referred to the same period. The Atlantic 
fauna consisted of the intermixed Alachua Pliocene and Peace Creek 
Pleistocene, and offered a serious problem in age determination by 
reason of this mixture. 
Seven years ago description of the Snake Creek fauna, the richest 


Paper presented before the Palaeontological Society, Albany, New York, December 27, 
1916. University of California Publications, Bulletin of the Department of Geology, vol. 10, 
no. 22, pp. 421-443, November 16, 1917. 
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Fic. 1. Outline map illustrating principal occurrences of Pliocene mammal faunas in 
Tertiary provinces of that portion of United States west of the Wasatch Range. The 
most important localities are indicated as follows: I, Idaho beds; Ir, Ironside Pliocene; 


Rt, Rattlesnake; T, Thousand Creek; PO, Pinole Tuff-Orinda; ET, Etchegoin-Tulare; C, 
Chanac; R, Ricardo. 
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of all American Pliocene mammal assemblages, by Matthew and 
Cook! gave the first definite indication of existence of an important 
Pliocene stage other than that of the Blanco. Immediately follow- 
ing the first study of the Snake Creek came discovery of the interest- 
ing Thousand Creek Pliocene fauna? of Nevada, with suggestion of 
similarity to the Nebraska Snake Creek in a number of peculiar 
types, especially in the presence of antelopes like those of the Old 
World Pliocene and Miocene. Following the discovery of the 
Thousand Creek there came to light on the western border of the 
continent the Ricardo fauna? of the Mohave Desert, the Etchegoin,‘ 
and the Pinole Tuff-Orinda® faunas of middle California, while the 
Rattlesnake fauna of eastern Oregon was increased to dimensions 
comparable to those of the Thousand Creek, Ricardo, and Blanco. 
Additional information regarding the composition and age of the 
interesting fauna of the Idaho formation in southwestern Idaho has 
also been obtained. 

Through the work of Dr. E. H. Sellards,® the Alachua fauna of 
Florida has received valuable additions, and has had separated from 
it a considerable number of the elements of more modern aspect, 
which have heretofore confused interpretation of this assemblage. 

Although at the present time American Pliocene mammal faunas 
are not as fully known as those of other Tertiary divisions, progress 
in accumulation and classification of material within the past five 
years has been relatively more rapid than for any other division of 
the Cenozoic. We begin now to see for the first time the broader 
world relationships of our higher vertebrate Pliocene life. 

Of American Pliocene faunas, those represented in the Pacific 
Coast and Great Basin provinces have been so imperfectly known 

1 Matthew, W. D., and Cook, H. J., A Pliocene fauna from western Nebraska, Bull. 
Amer. Mus. Nat. Hist., vol. 26, pp. 361-414, 1909. 

2 Merriam, J. C., Tertiary mammal beds of Virgin Valley and Thousand Creek in north- 
western Nevada, pt. 2, Vertebrate faunas, Univ. Calif. Publ. Bull. Dept. Geol., vol. 6, pp. 
199-304, pls. 32-33, 1911. | 

3 Merriam, J. C., Extinct faunas of the Mohave Desert: their significance in a study of the 
origin and evolution of life in America, Pop. Sci. Monthly, pp. 245-264, March, 1915. 

4 Merriam, J. C., Tertiary vertebrate faunas of the North Coalinga region of California, 
Trans. Amer. Philos. Soc., n. s., vol. 22, pt. 3, 44 pp., 1915. 

5 Merriam, J. C., Vertebrate fauna of the Orindan and Siestan beds in middle California, 


Univ. Calif. Publ. Bull. Dept. Geol., vol. 7, pp. 373-385, 1913. 
6 Eighth Ann. Rep. Florida Geol. Surv., pp. 92-100, 1916. 
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that it seems desirable to present a general statement of their 
composition and relationships for use in consideration of certain 
fundamental faunal problems involved in later Cenozoic history. 


AMERICAN PLIOCENE FAUNAS 
Pacific Coast Province 


At the present time there are known in the Pacific Coast province 
at least four important occurrences of Pliocene mammalian remains, 
and there are probably represented in these stations four fairly dis- 
tinct stages or horizons. These are the upper and middle and lower 
Etchegoin on the western border of the San Joaquin Valley; the 
‘Tulare overlying the Etchegoin of the Great Valley of California; 
the Chanac formation of the Tejon Hills at the southern end of the 
San Joaquin Valley, and the Pinole Tufl-Orinda section of the 
Mount Diablo or San Francisco Bay region. Of these formations, 
the Etchegoin-Tulare section is not less than 10,000 feet in thickness; 
the Pinole Tuff-Orinda section represents at least 5000 feet of strata; 
the Tejon Hills section so far as known represents only a few hundred 
feet of accumulation. 

The faunal sequence of the Pacific Coast region is exceptionally 
well represented in the Etchegoin-Tulare section, but the amount of 
material from the beds of that region is unfortunately scanty. 
Within the limits of the Etchegoin two or perhaps three faunal zones 
are known. There is apparently a clear distinction between the 
upper zone characterized by the presence of Pliohippus proversus, a 
very advanced horse like the Blanco Pliohippus, and the middle 
zone distinguished by the presence of Pliohippus coalingensis, a 
typical Pliohippus. Below the horizon of P. coalingensis several 
fragmentary specimens of Hipparion have been found, but as yet no 
remains of hipparions are known from the P. coalingensis and P. 
proversus zones. The lowest beds have been discussed in a tentative 
way as the Hipparion zone. 

In the Tulare formation overlying the Etchegoin no certainly 
authenticated occurrences of mammalian remains are reported. 
About twenty years ago a specimen of Hyaenognathus, a peculiar 
dog like Borophagus of the Blanco Pliocene, was found associated 
with Jschyrosmilus, a machaerodont cat, near the town of McKit- 
trick, in a formation now presumed to be Tulare. 
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The fauna of the Tulare-Etchegoin section on the western border 
of the San Joaquin Valley is as follows: 


FAUNA OF TULARE-ETCHEGOIN SECTION 
TULARE 


?Hyaenognathus pachyodon Merriam 
?Ischyrosmilus ischyrus (Merriam) 


ETCHEGOIN 


Pliohippus proversus zone 
Pliohippus proversus Merriam 
Camelops or Pliauchenia, sp. 
Procamelus?, sp. 

Cervus or Odocoileus, sp. 

Tayassu or Mylohyus?, sp. 

Mastodon 

Testudo?, sp. 

Undetermined fragmentary fish remains 

Pliohippus coalingensis zone 
Pliohippus coalingensis (Merriam) 
Pliohippus?, sp., small 
Procamelus?, sp. 

Platygonus?, sp. 

*Hipparion zone 
Neohipparion molle Merriam 
Neohipparion, sp. 

Protohippus or Pliohippus, sp. 


In the Pinole Tuff-Orinda section scattered remains have been 
found at a number of localities, but the best representation of the 
fauna found at any one station is that secured from the Pinole Tuff 
and Orinda on the border of San Pablo Bay. In these strata there 
have been obtained the following forms: 


PINOLE Turr-Orinpa Fauna, San Pasio Bay 


Pliohippus, near fairbanksi Merriam 
Pliohippus, sp. 

Rhinocerotid, near Teleoceras 
Antelope, near Sphenophalos 
Mastodontine form 

Edentate, megalonychid 
Tephrocyon, sp. 

Testudinate remains 


7 From unpublished manuscript of Merriam and Stock. 


SS 


RELATIONSHIPS OF PLIOCENE MAMMALIAN FAUNAS 885 


At localities in the Orinda, and in beds presumed to be higher 
than those of the horizons at San Pablo Bay, the following forms 
have been obtained:* 


OrinpA Fauna, Contra Costa HILts 


Hipparion platystyle Merriam 
Hipparion, near mohavense Merriam 
Prosthennops, sp. 

Procamelus, sp. 

Pliauchenia, sp. 

Tetrabelodon?, sp. 

Dipoides lecontei1 (Merriam) 


If any suggestion of sequence is given in the Pinole Tuff-Orinda 
section, it appears to be that Hipparion occurs at a horizon some- 
what higher than that of the Pliohippus forms; but the stratigraphic 
succession is so imperfectly known that such a conclusion seems 
not at present to be fully warranted. 

The Tejon Hills fauna® found in the Chanac formation at the 
southern end of San Joaquin Valley occurs in beds which rest upon 
marine San Pablo Upper Miocene, and are presumably uncon- 
formable upon that formation. The fauna includes the following 
forms: 


Cuanac Fauna 


Protohippus tehonensis Merriam 
Pliohippus, sp. 

Hipparion gratum tehonense Merriam 
Hipparion, near molle Merriam 
Rhinocerotid, indet. 

Prosthennops, sp. 

Camelid, indet. large 

Merycodus, near necatus Leidy 
Proboscidean (Tetrabelodon?), sp. 


In this fauna the hipparions are the most abundant forms. They 
represent two small species, one of which is very close to Hipparion 
gratum of the Great Plains region. The Prosthennops suggests the 
Pliocene species of the Great Valley of California. The Merycodus 
is near necatus Leidy, which appears both in the Barstow Upper 

8 Merriam, J. C., Univ. Calif. Publ. Bull. Dept. Geol., vol. 7, pp. 373-385, 1913. 


*Merriam, J. C., Mammalian remains from the Chanac formation of the Tejon hills, 


California, Univ. Calif. Publ. Bull. Dept. Geol., vol. 10, pp. 111-127, 1916. 
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Miocene and in the Ricardo Lower Pliocene of the Mohave Desert a 
few miles to the east. 

Comparison of the Chanac fauna with the available Etchegoin 
and Tulare faunas shows that the Tejon Hills stage may be com- 
parable to the Hipparion-bearing beds in the lowest portion of the 
Etchegoin section. The Pinole Tuff-Orinda fauna seems certainly 
older than the Pliohippus proversus zone of the Etchegoin. The 
fauna of the beds furnishing the best collections of the Pinole Tuff 
and of the lowest Orinda on San Pablo Bay is close to that of the 
Pliohippus coalingensis zone of the Etchegoin. The Tulare evi- 
dently represents the latest stage. 

The sequence of Pliocene faunas and formations of the Pacific 
Coast province as we now know it is most satisfactorily expressed in 
a series of four stages. All four of these faunas may be present in 
one stratigraphic sequence in the North Coalinga region. 

The stages are as follows: 


Qulareh aera Aeon erm ably AcnornatnusrZone 
Weperetchecompmannnn reer Pliohippus proversus zone 
MirddlevEtechegoineminenaeanirn Pliohippus coalingensis zone 

Lower Etchegoin or Chanac.... Hipparion gratum tehonense or Hip- 


parion molle zone 


Great Basin Province 


In the Great Basin region there are four important occurrences 
of Pliocene faunas. These are the Thousand Creek of the northern 
Nevada or Middle Basin area, the Ricardo of the Mohave Desert, 
the Rattlesnake of the John Day Valley, and the Idaho of south- 
western Idaho. 

The Rattlesnake fauna has unusual significance owing to excep- 
tional clearness of stratigraphic relations of the beds in which it 
occurs. The Rattlesnake formation rests in marked unconformity 
in steep cliff section upon the Mascall, which contains a mammalian 
fauna of Middle or Upper Miocene age. Through the accumulated 
Rattlesnake deposits deep cafions have been cut, and in the lower 
reaches of these excavations are deposits containing a Pleistocene 
fauna. The age of the Rattlesnake formation is therefore limited 
on one side by a period of erosion and deformation succeeding accu- 
mulation of the Mascall Miocene, and on the other side by a period 
of erosion preceding accumulation of deposits of Pleistocene age. 


RELATIONSHIPS OF PLIOCENE MAMMALIAN FAUNAS 887 


Within the past field season a party from the Department of 
Palaeontology of the University of California has made intensive 
study of the Rattlesnake formation and fauna, and has increased 
the list of mammalian species considerably. 

The mammal forms now known from the Rattlesnake formation 
are the following:!° 


RATTLESNAKE FAUNA 


Carnivora 
?Canis davisi Merriam 
Amphicyon, near amnicola Matthew and Cook 
Mustela, sp. 4 
Mustela, sp. 4 
Felis, large sp. 
Indarctos? oregonensis Merriam, Stock, and Moody 
Edentata 
Megalonychid, gen. and sp. indet. 
Rhinocerotidae 
?Teleoceras fossiger (Cope) 
Equidae 
Hipparion sinclairi1t Wortman 
Hipparion, near occidentale Leidy 
Hipparion, near anthony: Merriam 
Pliohippus, near fairbanksi Merriam 
Pliohippus spectans (Cope) 
Suidae 
Prosthennops, sp. 
Camelidae 
Alticamelus altus (Marsh) 
Pliauchenia, sp. 
Procamelus, sp. 
Antelopinae 
Sphenophalos, near nevadanus Merriam 
Ilingoceros?, sp. 
Mastodontinae 
Tetrabelodon?, sp. 
Rodentia 
Lepus?, sp. 
Dipoides?, sp. 


Of the Rattlesnake horses, the best represented Pliohippus forms 
are much like those in the Pliohippus coalingensis zone of the Etche- 
goin, in the Thousand Creek, and in the Ricardo. The Hipparion 


10 From unpublished manuscript of Merriam, Stock, and Moody. 
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species are like forms of the Thousand Creek and show some resem- 
blance to a species from the Hipparion zone of the Pacific Coast 
province. 

The Rattlesnake antelopes resemble those of the Thousand Creek 
fauna. | 

The Thousand Creek fauna is known from extensive exposures in 
the valley of Thousand Creek at the extreme northern border of 
Nevada. The stratigraphic relations of the Thousand Creek forma- 
tion are unfortunately not as yet fully known, but there is every 
reason to consider that the beds are much later than those of the 
Virgin Valley Middle Miocene, which is of approximately the same 
facies as the Mascall Middle Miocene of the John Day region. 


The fauna obtained in the Thousand Creek region is as follows:"! 


THOUSAND CREEK FAUNA 


Reptilia 
Ophidian remains 

Aves 
Branta, sp. 

Insectivora 
Scapanus?, sp. 

Carnivora 
Tephrocyon, near kelloggi Merriam 
Aelurodon, sp. 
Canis? davisi Merriam 
Ursus?, sp. 
Mustela furlongi Merriam 
Mustelid, indet. 
Taxidea nevadensis Butterworth © 
Pseudaelurus, sp. 
Felis, sp. @ 
Felis, sp. 3 

Rodentia 
Arctomys nevadensis Kellogg 
Arctomys minor Kellogg 
Citellus, sp. 
Aplodontia alexandrae Furlong 
Mylagaulus monodon (Cope) 
Dipoides, sp. 
Dipoides lecontei (Merriam) 

4 Merriam, J. C., Univ. Calif. Publ. Bull. Dept. Geol., vol. 6, pp. 199-304, pls. 32-33, 


1911; also Butterworth, E. M., Univ. Calif. Publ. Bull. Dept. Geol., vol. 10, pp. 21-24, 
1916. 


| 
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Entoptychus minimus Kellogg 

Peromyscus antiquus Kellogg 

Peromyscus?, sp. 

Diprionomys parvus Kellogg 

Diprionomys magnus Kellogg 

Hypolagus vetus (Kellogg) 
Ungulata 

Pliohippus, near fairbanksi Merriam 

Hipparion, near occidentale Leidy 

Neohipparion leptode Merriam 

Teleoceras, near fossiger (Cope) 

Mastodon (Tetrabelodon?), sp. 

Pliauchenia?, sp. 

Camel, cf. Camelus americanus Wortman 

Prosthennops?, sp. 

Large suilline form 

Sphenophalos nevadanus Merriam 

Ilingoceros alexandrae Merriam 

Ilingoceros schizoceras Merriam 


The Thousand Creek fauna is characterized by the presence of 
numerous antelopes, some of which are presumably near the modern 
prong-horn, 4ntilocapra. Others show superficial resemblance to 
strepsicerine types of the Old World. The Thousand Creek fauna 
resembles that of the Rattlesnake in many respects. The horses are 
similar, and the only representation of the peculiar Thousand Creek 
antelopes known outside of the typical region are found in the 
Rattlesnake. The rarity of antelopes in the Rattlesnake may be 
due to chances of collecting, to difference in habitat, or to somewhat 
later age of the Thousand Creek beds. 

Antelope remains found recently in the Pinole Tuff-Orinda fauna 
of San Pablo Bay suggest a relationship between the Thousand 
Creek-Rattlesnake and the Pinole Tuff-Orinda stage. 

The Ricardo fauna of the Mohave Desert area is found in a for- 
mation comprising between 3000 and 5000 feet of sharply deformed 
Strata situated at the eastern foot of the Sierra Nevada Range. 
The beds in which the fauna occurs consist in a large part of tufts 
with desert conglomerates or fanglomerates and other deposits 
formed on land or in evanescent water bodies. In the thick Ricardo 
formation a moderate variation of the mammals is noticeable in 
comparison of different horizons, but the fauna seems to be a unit 
not divisible into sharply separated stages. 
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The species known from the Ricardo are as follows: 


Ricarpo Fauna 
Reptilia 
Testudo, sp. 
Carnivora 
Canid, small 
Aelurodon, near wheelerianus, n. sp. a4 
Aelurodon, n. sp. d 
Aelurodon, n. sp. ¢ 
Aelurodon? or Tephrocyon, sp. 
Ischyrosmilus osborni, n. gen. and sp 
Felid, large 
Felid, small, not Ischyrosmilus 
Mustela buwaldi, n. sp. 
Rodentia 
Lepus?, sp. 
Equidae 
Hipparion mohavense Merriam 
Hipparion mohavense callodonte Merriam 
Pliohippus tantalus Merriam 
Pliohippus fairbanksi Merriam 
Pliohippus, near mirabilis (Leidy) 
Proboscidea 
Tetrabelodon?, sp. 
Oreodontidae 
Merycochoerus (Pronomotherium) californicus, n. sp. 
Camelidae 
Procamelus, sp. 4 
Procamelus, sp. 4 
Pliauchenia, sp. 
Alticamelus?, sp. 
Bovidae 
Merycodus, near necatus Leidy 


in contrast with other Pacific Coast and Great Basin faunas the 
Ricardo is characterized by the presence of hipparions of an Old 
World type with Pliohippus, Merycodus, and an advanced oreodont 
near Pronomotherium. The Ricardo is in every respect a less 
advanced fauna than the Idaho. It is distinguished from the 
Thousand Creek-Rattlesnake stage by the presence of Merycodus, 
and an oreodont; by the presence of hipparions with round proto- 
cone rather than the Neohipparion type with flat protocone; and by 
absence of highly specialized antelopes and of rhinoceroses. ‘The 
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presence of such ancient types as Merycodus and an oreodont in the 
Ricardo indicates an earlier stage than Thousand Creek-Rattlesnake 
from which these types are absent. It is, moreover, possible that 
the Thousand Creek antelopes are descendants of the Ricardo 
Merycodus. Geologic evidence tending to support the age deter- 
mination based upon palaeontologic data is found in the greater 
degree of induration and deformation of the Ricardo. 

The Idaho beds of Idaho were named by E. D. Cope,” who de- 
scribed from them a considerable series of fishes. Beds referred to 
the Idaho extend over a large area bordering the Snake River Valley 
in southwestern Idaho, and presumably reach into southeastern Ore- 
gon. They are several hundred feet in thickness and exhibit a slight 
degree of deformation at certain localities. The beds are generally 
unconsolidated, but may show considerable induration and form 
steep cliffs. Lindgren’ collected a mammalian fauna from expo- 
sures presumed to be of the same age as the Idaho of Cope. The 
remains obtained by Lindgren were determined as Pliocene by F. A. 
Lucas. In the summer of 1916 collections were made at a number 
of localities in this region by J. C. Merriam and J. P. Buwalda for 
the United States Geological Survey. 

The fauna reported from beds referred to the Idaho formation is 
as follows: 


Fauna REFERRED TO IDAHO 


Equus idahoensis, n. sp. 

Equus excelsus? Leidy 

Protohippus? 

Rhinoceros, probably Aphelops (Teleoceras) fossiger (Cope) 

Mastodon mirificus Leidy 

Procamelus, size of P. major (Leidy) 

Cervus, possibly new, slightly smaller and more slender than C. 
canadensis (Erxleben) 

Horn-core of true antelope (Tragocerus?) 

Ischyrosmilus, n. sp. 

Morotherium leptonyx Marsh 

Castor, possibly n. sp. 

Olor, size of O. palaeocygnus 

Graculus idahoensis Marsh 


2 Cope, E. D., Proc. Amer. Philos. Soc., Nov., 1870, pp. 538-547; also Proc. Acad. Nat. 
Sci. Phila., p. 125, June 26, 1883. 
13 Lindgren, W., 20th Ann. Rep. U. S. Geol. Surv., pt. 3, p. 99, 1900. 
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The Idaho formation is not as yet satisfactorily separated from 
the Payette Eocene or Miocene, and from a Miocene or Pliocene 
stage which may intervene between the Payette and the Idaho. It 
is, however, quite certain that there exists over a large area of south- 
western Idaho a formation several hundred feet thick which may 
show evidence of deformation, and which contains a fauna of a stage 
representing either the latest Pliocene or the earliest Pleistocene. 

Mammalian remains presumed to represent the Idaho have been 
reported from a number of localities of which the relative geologic 
position is uncertain. One might assume from the composition of 
the entire list of forms obtained by Lindgren that the collections are 
in the main from beds of Pliocene age, with the possibility that some 
of the elements are derived from Pleistocene deposits, and possibly 
some from horizons older than typical Idaho. 

Of the several mammalian types listed by Lindgren, the horses are 
undoubtedly the most important for palaeontologic determination of 
age. The only form specifically determined in the earlier collections 
was one considered by Leidy to represent Equus excelsus. This 
species is not known from beds older than Pleistocene. Bones from 
near Sommercamp Ranch, in the northern portion of the Silver City 
quadrangle, have been referred to Protohippus. If this determina- 
tion is correct, these beds might be Pliocene or late Miocene. Horse 
remains obtained at Idaho localities by Buwalda and Merriam in 
1916, in the course of investigations carried on for the United 
States Geological Survey, are of a type clearly to be referred to 
Equus. In the lowest beds examined at a locality on the Snake 
River, southwest of the town of Caldwell, the bottom of the section 
furnished material representing a very advanced equine form not 
distinguished from Equus on the basis of size or of advance in 
specialization of feet and teeth. ‘This species does not seem to the 
writer specifically identical with any thus far described in America. 
It differs from the Pliohippus proversus type of the upper Etchegoin 
Pliocene in the typical equine character of the upper cheek-teeth, 
as shown by the inner wall of the protocone, the fossettes, and the 
outer walls of the paracone and metacone; so that it must be in- 
cluded within the genus Eguus. On the other hand, it differs from 
the described Pleistocene forms of Eguus in the shorter protocone, 
which approaches the type of pillar in Equus stenonis of the Old 
World Pliocene. 


$$ —— 
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A rhinoceros from exposures considered as Idaho, east of Boise, 
was referred to Zphelops (Teleoceras) fossiger. This form represents 
the late Miocene or Pliocene. Mastodon mirificus determined by: 
Leidy from a specimen obtained by Clarence King on Sinker Creek 
isa Pliocene type. The remains of Procamelus might be Miocene or 
Pliocene. Horn-cores of antelopes, obtained with rhinoceros mate- 
rial near Boise, represent a Tragocerus-like type known in America 
only from beds of Pliocene age. Castor is known from the upper 
Etchegoin of the western border of the San Joaquin Valley in Cali- 
fornia. A very large machaerodont cat found in an Idaho exposure 
on the Snake River southwest of Caldwell belongs to a type nearest 
to Ischyrosmilus, presumed to represent the Tulare stage in Cali- 
fornia. 

With our available knowledge of the mammalian fauna of the 
Idaho, determination of this formation as Pliocene is apparently 
supported, but beds both older and younger than Pliocene may be 
included in the localities from which material has been secured. It 
is highly desirable to have careful collecting work carried on by 
trained investigators in the bad-land deposits over the entire area 
presumed to represent the Idaho formation. 

Compared with other faunal assemblages referred to the Pliocene 
of the Great Basin province, the Idaho fauna of the best known 
locality in the Snake River region exhibits a relatively advanced 
stage. The horses find their nearest relatives in the Pleistocene 
and in the Pliohippus proversus zone of the Upper Etchegoin Plio- 
cene. The deer of the Idaho are possibly related to those of the 
Upper Etchegoin. The cat is nearest to the ?Tulare [schyrosmilus. 
The Idaho stage is evidently later than any other described Pliocene 
faunal zone of the Great Basin province. 

The Pliocene faunas of the Great Basin region clearly represent 
at least three quite distinct stages: the Ricardo, the Rattlesnake and 
Thousand Creek, and the Idaho. The Ricardo fauna, including as 
it does Merycodus, an oreodont, and several other forms of middle 
Cenozoic type, is certainly older than the Thousand Creek, Rattle- 
snake, and Idaho, in which these forms do not appear. 

The Thousand Creek and Rattlesnake are evidently of approxi- 
mately the same stage. In neither fauna is Merycodus represented, 
and no oreodont remains are known. The antilopine type repre- 
sented by Merycodus in the Ricardo is expressed in various forms of 
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Sphenophalos and Ilingoceros. ‘The hipparions of the Rattlesnake 
and Thousand Creek are apparently a more advanced stage than 
those of Ricardo, and incline toward the Neohipparion rather than 
the Hipparion type. 

If, as seems necessary, the Idaho fauna be included in the Pliocene, 
it must be considered as representing a much later epoch than any 
of the other Great Basin stages. The presence of Eguus and Cervus 
and the absence of Pliohippus indicate a stage verging on the Pleis- 
tocene. 

The three Pliocene stages of the Great Basin province may be 
arranged as follows: 


halos Wet cata in para cede een ea ten een Equus-Cervus? zone 
Thousand Creek-Rattlesnake......... Sphenophalos-Neohipparion zone 
Ricardo iis wayne He enone Semeedt rea eege Hipparion-Merycodus zone 


Great Plains Province 


In the Tertiary deposits of the Great Plains region a much larger 
representation of the Pliocene mammal fauna is found than has been 
thus far secured in the provinces west of the Rocky Mountains. 
Two or three occurrences of unusual importance are known and at 
least two faunal stages are distinguished. 


The Blanco fauna described by Cope from Texas is the most 


advanced of the well known Great Plains faunas, and the strati- 
graphic relations of the beds so far as known indicate Pliocene age. 
The list of forms in the Blanco fauna is as follows: 


Bianco Fauna 


Carnivora 
Borophagus diversidens Cope 
PAmphicyon, sp. 
Canimartes cumminsi Cope 
Felis hillanus Cope 
Edentata 
Glyptotherium texanum Osborn 
Megalonyx leptostomus Cope 
Proboscidea 
Trilophodon? (Gomphotherium) shepardii Leidy 
Dibelodon (Stegodon) mirificus Leidy 
?Dibelodon tropicus Cope 


14 Cope, E. D., A preliminary report on the vertebrate palaeontology of the Llano Esta- 
cado, 4th Ann. Rep. Texas Geol. Surv., 136 pp., 23 pls., 1893. 
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?Dibelodon praecursor Cope 
?Dibelodon humboldtii (Cuvier) 
Equidae 
Pliohippus simplicidens (Cope) 
Protohippus?, minutus (Cope) 
Pliohippus cumminsii (Cope) 
Neohipparion, sp. 
Dicotylidae 
Platygonus bicalcaratus Cope 
Platygonus texanus Gidley 
Camelidae 
Pliauchenia spatula Cope 
Pliauchenia, sp. 


Characteristic of the Blanco is the presence of advanced horses 
of the most progressive type of Pliohippus with Neohipparion, of 
advanced mastodontine types near Stegodon, of very advanced dogs 
of the Borophagus type, and of two types of edentates. This fauna 
is also characterized by absence of oreodonts and rhinoceroses. 

Most important of all Pliocene mammal assemblages of America 
is the Snake Creek fauna! of western Nebraska obtained from beds 
considered to represent a part of the Ogallalla formation of Darton. 
From this formation over seventy species are known at present and 
the wealth of material leads one to hope that the number may be 
further increased by future collecting. 

The varied fauna of Snake Creek may be listed as follows: 


SNAKE CREEK FAauNA 


Dogs 
Amphicyon amnicola Matthew and Cook 
Amphicyon, sp. indet. 
?Amphicyon, sp. indesc. 
Aelurodon haydeni validus Matthew and Cook 
Aelurodon saevus secundus Matthew and Cook 
Aelurodon, cf. wheelerianus Cope 
Aelurodon, sp. div. indet. 
Tephrocyon hippophagus Matthew and Cook 
Tephrocyon, cf. temerarius Leidy 
Canis, cf. vafer Leidy 
Tephrocyon mortifer Cook 


4 Matthew, W. D., and Cook, H. J., Bull. Amer. Mus. Nat. Hist., vol. 26, pp. 361-414, 
1909; Sinclair, W. J., Additions to the fauna of the Lower Pliocene Snake Creek Beds (re- 
sults of the Princeton University 1914 expedition to Nebraska), Proc. Amer. Philos. Soc., 
vol. 54, pp. 73-95, 1915. 
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Tephrocyon, sp. maj. 
?Cyon, sp. 
Civet-cat 
Bassariscus antiquus Matthew and Cook 
Mustelines 
Brachypsalis pachycephalus Cope 
Brachypsalis obliquidens Sinclair 
Martes glareae Sinclair 
Cats 
Pseudaelurus, near intrepidus Leidy 
Cat, non-machaerodont 
Machaerodont cat, gen. indet. 
?Felis, cf. maximus Scott and Osborn 
Rodents 
Mylagaulus, cf. monodon (Cope) 
Dipoides curtus Matthew and Cook 
Dipoides tortus (Leidy) 
Hystricops, cf. venustus Leidy 
Geomys, cf. bisulcatus Marsh 
Edentates 
Megalonychid, gen. et sp. indet. 
Rhinoceroses 
Teleoceras, sp. 
Aphelops, sp. 
?Caenopus, sp. 
Horses 
Archaeohippus, sp. 
Parahippus, cf. cognatus Leidy 
Hypohippus, cf. affinis Leidy 
Hypohippus, sp. 
Merychippus, cf. insignis Leidy 
Merychippus, close to calamarius (Cope) 
Hipparion, cf. occidentale Leidy 
Hipparion gratum Leidy 
Hipparion, cf. affine Leidy 
Protohippus, cf. placidus Leidy 
Protohippus, near perditus Leidy 
Pliohippus, cf. mirabilis (Leidy) 
Pliohippus, sp. div. 
Peccaries 
Prosthennops, cf. crassigenis Gidley 
Prosthennops, sp. 
Oreodonts 
Merychyus (Metoreodon) relictus Matthew and Cook 
Merychyus (Metoreodon) profectus Matthew and Cook 
Merychyus (Metoreodon), sp. 
Pronomotherium siouense Sinclair 
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Camels 
Protolabis princetonianus Sinclair 
Pliauchenia (Megatylopus) gigas Matthew and Cook 
Alticamelus procerus Matthew and Cook 
Alticamelus, sp. div. 
?Procamelus, sp. div. 

Antelopes and deer 
Dromomeryx whitfordi Sinclair 
Drepanomeryx falciformis Sinclair 
Cervus, sp. 
Blastomeryx elegans Matthew and Cook 
Blastomeryx, cf. wellsi Matthew 
Merycodus necatus sabulonis Matthew and Cook 
Merycodus, cf. necatus Leidy 
Merycodus, sp. div. 

Bovids 
Neotragocerus improvisus Matthew and Cook 
Bovid, gen. indet. 
Bison, sp. 

Mastodons 
Gomphotherium, sp. 
?Mastodon, sp. 

Birds 
Aquila dananus? Marsh 
Buteo, near borealis (Gmelin) 

Reptiles 
Crocodile vertebra 
Lizard jaws 
Huge land tortoise 

Of uncertain position 
Part of large mammal jaw 


The Snake Creek fauna is characterized by the presence of ad- 
vanced types of Pliohippus, Neohipparion, antelopes of the Trago- 
cerus type, Zelurodon, and a rare edentate. From Snake Creek are 
also obtained less advanced forms as Protohippus, Merychippus, 
Aphelops, Dromomeryx, Blastomyeryx, Merycodus, two or more 
oreodonts, and Zephrocyon. The stage of the most progressive 
horses approaches that of the Blanco forms, while abundant mate- 
rial represents Merychippus types nearly identical with those of the 
Upper Miocene. 

The fauna as a whole seems older than the Blanco. If it should 
ever appear to be divisible into several horizons, one stage may be 
found near that of the Thousand Creek and somewhat older than 
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Blanco. Another stage might be near the boundary line between 
Miocene and Pliocene. 

The Republican River fauna of northwestern Kansas, which is 
often tentatively referred to the lowest Pliocene, is an important 
assemblage of forms evidently older than the Snake Creek and con- 
taining a number of rather characteristic Miocene types. The 
faunal list is as follows:1 


REPUBLICAN RIVER FAUNA 


Aelurodon saevus (Leidy) Peraceras superciliosus Cope 
Aelurodon wheelerianus (Cope) ?Aphelops malacorhinus Cope 
Dinocyon maeandrinus Hatcher Hypohippus, sp. 
““Machaerodus”’ catocopis Cope Protohippus profectus Cope 
?Machaerodus crassidens Cragin ?Neohipparion retrusum (Cope) 
Cynomys, sp. Prosthennops serus (Cope) 
Dipoides tortus (Leidy) ?Merycochoerus, sp. 
Mylagaulus sesquipedalis Cope ?Merychyus, sp. 

Mylagaulus monodon Cope ?Procamelus prehensilis (Cope) 
Epigaulus hatcheri Gidley Procamelus, sp. div. 

Lepus, sp. Pliauchenia minima Wortman 


Tetralophodon euhypodon (Cope) Pliauchenia, sp. max 
Tetralophodon campester (Cope) Merycodus, sp. 
Teleoceras fossiger (Cope) 


The presence in the Republican River of Mylagaulus, Aphelops, 
Merycodus, and several oreodonts strongly suggests Miocene age. 
Aelurodon wheelerianus is much like the common 4elurodon from the 
Barstow. Other forms as Dipoides and Neohipparion are Pliocene 
types. Matthew and Cook consider this fauna older than Snake 
Creek, and it is evidently near the border line between Miocene and 
Pliocene. 

The Loup River’ or Nebraska formation of Nebraska contains a 
fauna which has certain Pliocene types as Dibelodon (Stegodon) 
mirificus, and possibly Hipparion, apparently of the same horizon 
with Equus and Elephas. ‘This assemblage represents a stage near 
that of the Idaho or Tulare, or perhaps somewhat later. More 
information is necessary before a judgment as to the composition 
and age of this fauna can be given. 

Of the several Great Plains faunas there can be no doubt as to 


16 Adapted from Osborn, H. F., and Matthew, W. D., U. S. Geol. Surv. Bull. 361, pp. 


115-118, 1909. 
17 Leidy, J., Extinct Mammalian Fauna of Dakota and Nebraska, pp. 13 and 255, 1869. 
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relative position of the two elements of largest importance: the 
Blanco is clearly younger than the Snake Creek. If the Loup River 
is Pliocene it is evidently younger than the Blanco, and if the 
Republican River fauna be included in the Pliocene it is older than 
Snake Creek. The sequence then appears as follows: 


MRIVOUPUNIVERN sr loitreinie oii ae Equus-Elephas zone 

Blanco mi Oye & Sia) shales Mavi aint Pliohippus simplicidens-Boraphagus zone 
Snake; Creek sey gigs isn Hipparion-Tragocerus zone 

?Republican River......... Peraceras-Protohippus zone 


Atlantic Province 


In the region east of the Mississippi, Pliocene mammal remains 
sufficient to constitute a basis for study are known in the Alachua 
beds of Florida. The study of the fauna has been difficult because 
of mixture with remains from other formations. The recent work 
of Dr. E. H. Sellards!* has made possible segregation of the Pliocene 
elements. The list is as follows: 


ALacHUA FAUNA 
Alachua Clays and Bone Valley 


Teleoceras fossiger var. proterus (Leidy) Tomistoma americana Sellards 
Aphelops malacorhinus Cope Alligator 
*Mammut progenium Hay Cetacean 
Mastodon (Trilophodon) floridanus Leidy._—‘ Fishes 
Hipparion ingenuum (Leidy) Odocoileus 
Hipparion plicatile Leidy Megatherium, sp. 
Hipparion minor Sellards Agriotherium schneideri Sellards 
Procamelus major (Leidy) Emys 
Procamelus medius Leidy) Crocodile or alligator 
Procamelus minor (Leidy) Garfish 
Dunnellon Formation 
Aphelops malacorhinus Cope Ursus, sp. 
Mastodon (Trilophodon) floridanus Leidy __ Felis, sp. 
Hipparion, sp. div. Odocoileus, sp. 
Parahippus, sp. Procamelus minor (Leidy) 


‘Megalonyx, sp. 
Newberry, Alachua County, Possibly Pleistocene 


Equus littoralis Hay Tapirus terrestris (Linn.) 
Odocoileus, sp. 


18 Sellards, E. H., Fossil vertebrates from Florida: A new Miocene fauna; New Pliocene 
species; The Pleistocene fauna, 8th Ann. Rep. Florida Geol. Surv., pp. 79-119, pls. 10-14, 
1916. 
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Time RELATIONS OF AMERICAN FAUNAS 


Comparison of Pacific Coast and Great Basin Pliocene faunas 
shows that of the four stages in the Pacific Coast province the upper- 
most, the Tulare or Hyaenognathus zone, is evidently nearest the 
Idaho or Equus-Cervus? zone of the Great Basin. As yet these two 
faunas are too imperfectly known to permit satisfactory comparison. 

The second or Pliohippus proversus zone of the Pacific Coast 
upper Etchegoin is a less advanced stage than the Idaho, but the 
fauna is quite different from that of the Thousand Creek-Rattle- 
snake stage, and is more advanced. This zone is not as yet known 
in the Great Basin province. 

The Pliohippus coalingensis zone of the Pacific Coast region con- 
tains horse types near those of the Rattlesnake-Thousand Creek 
stage and is of approximately the same age. 

The Chanac Hipparion gratum tehonense stage of the Pacific 
Coast province is nearest to the Ricardo of the Great Basin, but not 
necessarily identical with it. 

The relationship of the Pacific Coast and Great Basin Pliocene 
sequences 1s approximately as shown in the table on page 903. 

Comparison of the series of Pliocene mammal faunas of the Great 
Basin-Pacific Coast scale with that of the Great Plains and Atlantic 
provinces should not be expected to show a large percentage of com- 
mon specific types, even if the time of deposition be approximately 
identical, as important physical barriers intervened and specific 
range would presumably not be much wider in America of the 
Pliocene than at present. 

In a comparison of the Great Plains sequence with that in the 
provinces west of the Wasatch there is noticeable at once a similarity 
of the Blanco and Upper Etchegoin horses, and of the Blanco canid 
of the Borophagus type and Hyaenognathus presumed to be of Tulare 
age. There seems good reason for considering the Blanco and 
Upper Etchegoin faunas as of nearly the same stage. The Tulare, 
which immediately follows the Upper Etchegoin, may approximate a 
late stage of the Blanco. 

The Snake Creek fauna of western Nebraska contains a consider- 
able number of forms corresponding approximately to those of the 
Ricardo stage of the Great Basin province. The Snake Creek horses 
include species of Pliohippus and Hipparion at least as advanced as 
those of the Ricardo. The artiodactyls of the Snake Creek include 
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Merycodus and advanced oreodont forms as in the Ricardo. With 
the advanced horses there are, however, noted certain primitive 
forms as Merychippus and Parahippus, and with artiodactyls of 
the Merycodus type some advanced antelopes are also represented. 
If, as seems possible, the Snake Creek fauna represents more than 
one stage, it is to be presumed that one of the horizons is not far from 
the stage of the Ricardo. It is possible that another horizon in the 
Snake Creek beds might correspond to the stage of the Rattlesnake, 
Thousand Creek, and Middle Etchegoin. 

The Republican River fauna of northwestern Kansas represents a 
stage recognized as near the beginning of the Pliocene. Matthew 
and Cook,!® who have made a most careful comparison of this 
assemblage with the Snake Creek, consider that modernization is 
more apparent in the latter. The Republican River canid fauna 
contains only advanced forms of the 4elurodon or Dinocyon type. 
The Equidae include Hypohippus, Protohippus, and Neohipparion. 
Two oreodonts, Merycochoerus and Merychyus, are present with 
camels of the genera Procamelus and Pliauchenia. Dromomeryx and 
Blastomeryx are not represented. Considering that the two areas 
discussed are widely separated geographically, it would seem to the 
writer that the Republican River is not far from the stage of faunal 
evolution shown by the Ricardo. If the Ricardo is younger than 
the Snake Creek, the judgment of Matthew and Cook, suggesting the 
situation of the Republican River earlier rather than later than the 
Snake Creek, necessitates placing the Republican River somewhat 
below the Ricardo. 

Relationship between the fauna of the Ricardo and that of the 
Alachua beds of Florida is suggested especially by similarity of the 
Hipparion species. The American forms most resembling the 
Ricardo hipparions are H. plicatile and H. ingenuum of the Alachua 
beds and AH. venustum from Ashley River, South Carolina. This 
resemblance may be purely incidental, but possibly indicates a close 
genetic relationship. J. W. Gidley?® has suggested that the Florida 
hipparions are like those of the true Old World Hipparion type 
with round protocone. It is possible that the Alachua and Ricardo 
flipparion forms represent some of the oldest members of this group 

19 Matthew, W. D., and Cook, H. J., Bull. Amer. Mus. Nat. Hist., vol. 26, p. 368, 1909. 


20 Gidley, J. W., Revision of the Miocene and Pliocene Equidae of North America, Bull. 
Amer, Mus. Nat. Hist., vol. 23, pp. 905-906, 1907. 
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in America, these species having survived in the southeast and 
southwest corners of the continent after the forms with round 
protocone had disappeared in the middle regions of the continent. 
_As has been known, there is a marked resemblance between the 
Alachua fauna and the life of the Republican River and Snake Creek 
stages. The Alachua appears more advanced than the Republican 
River and approaches the Snake Creek more closely in the important 
Hipparion elements. ‘The presence of both Teleoceras and Aphelops 
in the Alachua indicates affinities with the Miocene. The recently 
described Mammut progenium and Agriotherium (Hyaenarctos) 
indicate with considerable definiteness the Pliocene rather than 
Miocene aspect of the Alachua. 


CORRELATION WITH OLtp Worup Faunas 


Certain elements found in American Pliocene mammal faunas so 
closely resemble characteristic genera and even species of the Old 
World that little doubt exists concerning their common origin. 
Such types as Hipparion, Teleoceras, Tragocerus, Hyaenarctos, 
Ischyrosmilus, Pseudaelurus, and Dipoides appear even in similar 
specific garb at various localities in the Pliocene of America, Asia, 
and Europe. It is worthy of note that the forms appearing in 
America and in the Old World are also generally widely spread on 
each of these two areas, indicating their tendency to range widely. 
It is also worthy of note that some of these forms have a long ante- 
cedent history in one area and appear suddenly in the Pliocene of the 
adjacent region, while within approximately the same periods other 
groups originating in the second region extended their range to the 
first area. [hese arguments, taken with the facts relating to corre- 
sponding amount of organic evolution and corresponding amount 
of crustal movement in both regions, leave little room for doubt that 
we have here an unusually well founded case of correlation in which 
contemporaneity is indicated, at least within the limits of half of a 
geological period. 

There is good reason to believe that the earlier American Pliocene 
faunas as the Alachua, Snake Creek, Ricardo, Rattlesnake, and 
Thousand Creek are approximately contemporaneous with Old 
World faunas of Schansi in China, Dhok Pathan of India, Maragha 
of Persia, and Pikermi of Greece. It is not yet possible to give an 
exact comparison of the relative stages of the early Pliocene repre- 


903 


RELATIONSHIPS OF PLIOCENE MAMMALIAN FAUNAS 


soqoIvuse APT 

svolooreg 

snJoo0SvI], 

uorseddipy 
pec Pla 


xA1oavleg 
OUISe)é 


sojoivusv AP] 
Joypodyuopy 


seydoq 
sonby 


MEN I? EX 


adojajur 
sulstasisdei3¢S 
SNJOIO0BVI], 
SVI9909]2 J, 
uorseddipy 


ueppeg youd 


svoloov[eg 
SN.19IOBVI T, 
uoleddizy 

BUSI] 


UOPOS2}S 
uorseddizy 
30138 T 


uopose1S 
uoreddipy 
sofurg 


snjawies 
seydapy 
snnby 

a} ¥IOWO[S 


-u0Z Jopjnog 


isojoIvusv APT 
SvoIosveg 
SnJII0BvI 
asnddiyodAyy 
uotsedd ify 
039 SUBUOPYY 
“IsuBvYyoS 


soqoreusv APT 
snjoweoolg 
$¥.19909]9 J, 
uorseddrpy 


ENYOeV 


uolseddipy 


snddiyoio1g 
JAY uvoyqndsay 
Yeodg oyvus. JUOPOIIO snddiyoio1g 
snpooAiafAy snpooA1ozAy 
snddiyorg uotseddipzy 
uorseddipy ovUuLyy) 
OpswVIy (soz1[Tvor f) 
uloseyoiyq«JOMO'T 
snI9I09¥I | S0}DIvpUyT 
uolseddifzy SO.12908UIT] 
snddiyorg SP.19909]2 J, 
yaodz) a4yVUS uoleddipy | sisueSurpvoo ‘yorg 
snddiyoyg | wloseyo3y e[PPHN 
ayvusopIey 


—y901) puvsnoy T, 


asnAdoy 
suop snsiaaoid “yord 
-pyduis ‘youd uroseyoiq soddy 
snseydoiog 
oourlg 
snjiursoshyosyi 
aSMAJO7) sny vusousvAPyi 
seydo[q snjrusorAyosy oie J, 
snnby snnby 
yoary dnoqi; oyep] 


a | ee 


eISIOg 


S99U9IINIIO P[AOM PIO 


oUePY 


SUIV[g 12915) ulseg 3215 ysvod ogleg 


SOJUIAOIG ULITIOUIY ION 


GUaHdSINGF] NUAHLYON] AO SVNONVY IVNWV]A, ANAOOITG TVOIdAT JO SNOILVIAY AWIT, ALVWIXOUdd VY 


904 PUBLISHED PAPERS AND ADDRESSES 


sented by these faunas. For the later Pliocene less evidence of 
contemporaneity of American and Old World faunas 1s available, 
but there is good reason for looking carefully into the question of 
relative stage of the Idaho and the Boulder Conglomerate of India, 
both possibly in part Pleistocene, and both containing primitive 
forms of Eguus. 

Future work will largely illuminate the field of investigation cov- 
ering Pliocene life, upon which we have as yet made only a begin- 
ning; and later years of study hold in store much of that unequalled 
pleasure found in difficult scientific quest, and in the discoveries 
which so frequently reward intensive investigation. 


MAMMALIA 


FAUNAS OF NORTHERN NEVADA: VIRGIN 
VALLEY, THOUSAND CREEK, AND THE 
McKNIGHT LOCALITY 


pent 


THE OCCURRENCE OF MIDDLE TERTIARY 
MAMMAL-BEARING BEDS IN NORTH- 
WESTERN NEVADA 


g-N THE summer of 1905 the writer received from Mr. Robert L. 
# Fulton, of Alameda, California, several fragmentary bones and 
A teeth af Miocene mammals, said to have been obtained at 
Virgin Valley, in northwestern Newack. Subsequently arrange- 
ments were made to visit the locality in company with Professor 
John A. Reid, of the University of Nevada. Professor Reid very 
kindly made inquiry as to the location of the beds, but was himself 
unable to visit the region. In June, 1906, the writer in company 
with Mr. Felix T. Smith, of the University of California, visited 
Virgin Valley for the purpose of making a preliminary examination 
of the field. In reaching the valley we were kindly assisted by the 
employees of the Miller & Lux Company, and in locating the most 
fossiliferous exposures we were much indebted to Mr. T. H. McGhee, 
whose son, Mr. Edward McGhee, was the first person known to have 
discovered fossil bones in that region. 

Virgin Valley is situated in northwestern Nevada, about 15 miles 
south of the Oregon line and 40 miles from the California line. 
Virgin Creek, which drains the valley, is a tributary of Thousand 
Creek, emptying into Thousand Lake, close to the northern border 
of Nevada. The region about Virgin Valley is semi-arid and is 
practically treeless. Though no extensive search has been made 
through the literature, I am not aware that this region has ever 
been visited by any geological party. A number of explorers have 
evidently passed near it to the north and to the south. 

The valley of Virgin Creek is a basin with a north and south trend, 
the fossil beds being situated in a trough formed by an older series. 
The older formation consists largely of tufts, ashes, and rhyolitic 
lavas. Superficially it resembles a part of the Clarno Eocene series 
of the John Day region to the north. On the east side of the syn- 
cline, at Thousand Creek Hill, a fine section of these beds is exposed. 
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Some of the tuffs in the upper part of the series are exceedingly 
coarse, and pieces of pumice in them are in many instances several 
inches in diameter. The lower portion of this series was not exam- 
ined, but the materials seem to be finer toward the base of the sec- 
tion. Beds superficially similar to those on Thousand Creek Hill 
cut off the southern end of Virgin Valley on the other side of the 
syncline, beyond the Virgin Ranch. At this point they dip back 
toward the Thousand Creek Hill to the northeast. 

The mammal-bearing Tertiary formation, which is here tenta- 
tively designated as the Virgin Valley beds, rests in the basin formed 
by the older tuffs. Where the lower portion of this formation rests 
upon the older beds it has been somewhat disturbed, but the amount 
of disturbance appears, at least in some cases, to be less than that 
shown by the older series. The inclination of the Virgin Valley 
beds on the eastern side of the syncline may be largely due to the 
development of an extensive fault which forms Thousand Creek 
Hill, and presents a steep escarpment to the east. 

The thickness of the Virgin Valley beds is evidently between one 
thousand and two thousand feet. ‘The larger part of the formation 
is composed of volcanic ash or tuff showing a variable amount of 
induration. Characteristic bad land structure has been developed 
in many places. The formation may be divided somewhat arbitra- 
rily into upper, middle and lower divisions. The lower beds are 
somewhat harder than the others, and where bad land structure 
occurs in them very steep faces are frequently produced. These 
beds show strong contrasts of coloration, varying from white to 
green or bright red. The middle beds are generally brownish or 
gray, and weather in gently rounded knolls. The upper beds are 
usually softer than the others and consist of cream-colored ash. 

Mammal remains are quite common in portions of the upper beds, 
and at a horizon which is apparently in the lower division, though 
not in its lowest portion. Only a very few fragments of bones were 
found on the middle division, but plant remains are very abundant 
at this horizon. Large logs of beautifully petrified wood are present 
in abundance, and near the middle of this division stems and leaves 
have accumulated in sufficient quantity to form a thin lignitic 
deposit. 

Judging from the character and occurrence of the fossil remains, 
large portions of the upper and lower divisions of the formation are 
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of eolian origin, or have formed in shallow, shifting lakes compar- 
able to existing lakes only a few feet in depth, such as are not 
uncommon in the eastern Oregon region at the present time. A 
part of the middle division, particularly that portion containing 
the lignitic deposit, has evidently formed in or about a body of 
water. 

The mammalian remains obtained from the lower horizon include 
a type near Chalicotherium or Moropus, two types of horses, two or 
more cameloid types, a canid and a number of other forms. Chali- 
cotherium is represented by a number of characteristic bones, in- 
cluding the peculiar phalangeal elements. Of the horses one is a 
form with short-crowned molar teeth resembling those of the Mio- 
cene Hypohippus. The other has short-hypsodont molars and is 
evidently in, or close to, the Miocene genus Merychippus. Of the 
camels one species is represented by limb bones indicating an 
animal of considerable size, and evidently of the Procamelus type. 
The canid is represented by a second lower molar apparently differ- 
ing from any type thus far described from the Tertiaries of the 
Pacific Coast region. 

The fauna of the upper beds includes a mastodon, a horse, two 
camels, a large cat and fragmentary remains probably representing 
a rhinoceros. ‘The mastodon is a species of considerable size, and 
is evidently not older than the stage of the Mascall Miocene of the 
John Day region. One of the camels is represented by a metapodial 
about as large as that of d/ticamelus of the lower Loup Fork. The 
cat is known only from a second phalanx indicating a large form 
with powerful extremities. 

Such paleontological material as is present indicates that the 
upper division of the Virgin Valley beds is probably of Miocene age 
and not older than the stage of the Mascall Miocene of the John 
Day region. The fauna of the lower horizon, so far as known, is 
also evidently Miocene, though it may represent a slightly different 
phase. 

The fauna of the Virgin Valley beds, particularly of the upper 
division, appears in a general way to represent the same period as 
the fauna of the ash and tuff formations in Nevada, which have 
commonly been recognized as corresponding to the Truckee Mio- 
cene. If such is actually the case, there will apparently be little 
reason for correlation of the Truckee with the John Day, as has 
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commonly been done, since the Virgin Valley beds are near the age 
of the Mascall beds of Oregon, and the John Day is separated from 
the Mascall Miocene by the Columbia Lava formation, as also by a 
considerable unconformity below the Columbia Lava. 

As far as I am aware, the beds of the Virgin Valley region offer 
more material for the study of extinct mammalian faunas than has 
yet been discovered elsewhere in Nevada. Situated as they are 
between the typical localities of the Tertiary formations of eastern 
Oregon and the areas of Truckee Miocene in Nevada, they will 
probably be the key to the correlation of these formations. The 
examination of the beds made thus far has necessarily been exceed- 
ingly superficial, but it is hoped that the continuation of this work 
during the next season will put us in a position to make a satis- 
factory determination of the relative ages of the Oregon and Nevada 
Tertiary formations. 


UNIVERSITY OF CALIFORNIA 


THE OCCURRENCE OF STREPSICERINE 
ANTELOPES IN THE TERTIARY OF 
NORTHWESTERN NEVADA 
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%, URING the summer of 1909, a palaeontological expedition was 
f) organized and financed by Miss Annie M. Alexander for 
fa the purpose of collecting mammalian remains in the Ter- 
Ce formations of northwestern Nevada, the collections being 
presented by Miss Alexander to the University of California. The 
party worked over the region of Virgin Valley, and Thousand Creek, 
in which a small collection had been obtained by the writer in 19061, 
and also obtained material at a number of localities not heretofore 
known. The collections brought together represent a wide range 
of mammalian forms, of which a considerable percentage are new. 
Some of the most interesting material, particularly from the point 
of view of the student of geographic range and origin of faunas, is 
that representing a number of antelopes of the strepsicerine or 
twisted-horned type, known at the present time only in Africa. 
No representatives of these forms have been known heretofore from 
the Western Hemisphere, though they were present in Eurasia in 
middle to late Cenozoic time. 

Twelve specimens of horn cores were obtained in the beds at 
Thousand Creek, including a number of quite different types. The 
range of form may be due in part to variation in age or possibly in 
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sex, but cannot be attributed entirely to these factors. There 
appear to be at least two species represented which evidently be- 
long to two quite distinct genera. 


ILINGOCEROS? ALEXANDRAE, n. gen. and sp. 


Type specimen no. 11880, Univ. Calif. Col. Vert. Palae., from 
late Tertiary beds near Thousand Creek in northern Humboldt 
County, Nevada. ‘The species is named in honor of Miss Annie 
M. Alexander, through whose efforts the collections of Tertiary 
mammals from northwestern Nevada have been obtained and 
made available for scientific investigation. 

Frontals not cavernous at the base of the horn core. Horn cores, 
situated upon the upper posterior region of the orbits, sloping 
backward, slightly outward, and tilted upward at an angle of 
approximately twenty-five degrees from the plane of the frontals 
above the orbits. Horn cores tending to be circular in cross-section 
excepting for the presence of two or more well-developed spiral 
ridges. Principal spiral ridge arising above the postero-superior 
region of the orbit and swinging backward around the axis at the 
rate of about one turn in three and one-half inches. Posterior to a 
‘strong groove behind the principal ridge a second spiral elevation 
may be present, and a third may be present in some specimens re- 
ferred to this genus. Supraorbital foramina present at the anterior 
side of the base of the horn cores. 

The type specimen (figs. 1 and 4) consists of the basal portion of a 
left horn, with a part of the frontal forming the superior portion of 
the orbit and the brain case. 

The frontal region, exclusive of the horn cores, so far as repre- 
sented on any of the specimens, is almost flat anterior to the base of 
the horns (fig. 3), and the space between the horns is perfectly even, 
or without a median ridge. Behind a line connecting the anterior 
sides of the bases of the horns the frontals slope backward and 
downward from the frontal plane anterior to the horns at an angle 
of about sixty degrees. On those specimens showing the portion 
of the frontal above the orbits the supraorbital foramina (fig. 3) are 
situated a little behind the middle of the superior side of the orbit, 
and just in front of the middle of the base of the horn core. They 
vary from round to long-elliptical in form. 


2 theyyos, a whirlwind; xépas, horn. 
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The horn arises immediately above the upper posterior region 
of the orbit (fig. 4), and the middle of its basal portion is situated 
almost immediately over the postorbital process of the frontal. 
It slopes backward and slightly outward with a sufficient upward 
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Fic. 1. Ilingoceros alexandrae. Posterior view of base of left horn core; a, spiral ridge 
arising over the postero-superior region of the orbit; Js, cross-section of horn core. No. 
11880, type specimen, natural size. 


Fic. 2. Llingoceros, form B. Posterior to postero-median view of basal portion of right 
horn core; a, anterior spiral ridge probably corresponding to ridge a in figure 1; 4, median or 


lateral spiral ridge; c, posterior spiral ridge; 2s, cross-section of horn core. No. 11892, 
natural size. 


tilt to make an angle of approximately twenty-five degrees with the 
plane of the frontal above the orbits. In the type specimen a low, 
rounded ridge which arises from the portion of the horn core base 
nearest the orbit swings backward over the outer side of the horn, 


912 PUBLISHED PAPERS AND ADDRESSES 


twisting around it at the rate of one complete turn in about three 
and one-half inches. This ridge grows much stronger as it ap- 
proaches the posterior side of the horn. In the type specimen it is 
accompanied by a groove which arises just above the postorbital 
process of the frontal. A second ridge rises behind this groove so 
that two distinct spiral ridges are present (fig. 1). 

Excepting the notch formed by the groove between the two 
principal ridges, the cross-section of the horn core in the type speci- 
men tends to be approximately circular, as it is also in a fragment 
of a horn (no. 11886) quite certainly referable to this species. Judg- 
ing from the nearly uniform width at the two ends of all of the 
fragments seen, the horns did not taper rapidly, and tended to be 
considerably elongated. 

The surface of the horn core 1s comparatively smooth, with 
almost no pits or roughnesses. ‘The texture is solid, and not spongy 


Fic. 3. Ilingoceros, sp. Frontal region with bases of horn cores. No. 11882. X 3 


as in the true bovine forms. On none of the specimens does there 
appear to be a distinct line marking the proximal edge of a horny 
sheath. 

In specimen no. 11894 (fig. 5), representing an individual con- 
siderably smaller than the type, there is a single strong, acute crest 
developed, which corresponds to ridge a of the type. The general 
form of the horn is like that of J/ingoceros, and it may be referred 
tentatively to J. alexandrae. 

In specimen no. 11892 (fig. 2) a horn considerably smaller than 
the type shows near its base a narrow, sharp ridge with a high, 
rounded one accompanying it on one side, and a lower one on the 
other side. The lower accompanying ridge dies out above or unites 
with the middle one leaving only two prominent ones. Some 
distance above the base the sharper one becomes less abrupt and 
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Fic. 4. Ilingoceros alexandrae. Outer side of left horn core and orbital region; a, spiral 
ridge originating over postero-superior region of orbit. No. 11880, type specimen, natural 
size. 

Fic. 5. Ilingoceros alexandrae? Outer side of left horn core and orbital region; a, spiral 
ridge originating over postero-superior region of orbit; 5s, cross-section of horn core. No. 
11894, natural size. 

Fic. 6. Ilingoceros, form C. Outer side of right horn core; a, spiral ridge originating from 
postero-superior region of the orbit, and presumably connected with the postorbital process; 
6s, cross-section of horn core. No. 11893, natural size. 
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more like the other. The sharp median ridge, called ridge 4 (fig. 2), 
may correspond to a minor crest that arises from the posterior angle 
of the postorbital process of the frontal in the type of J. alexandrae. 
The principal spiral ridge arising above the orbit in the type speci- 
men may be called ridge a (see figs. 1 and 4). It probably corre- 
sponds to the ridge to the right of the median elevation shown in 
fig. 2. The posterior elevation, ridge c, on no. 11892 possibly 
corresponds to the most posterior elevation arising behind the 
postorbital process in the type. 


Fic. 7. Sphenophalos nevadanus. Outer side of left horn core and orbital region; 7s, 
cross-section of horn core. No. 11887, type specimen, X 75. 


Another specimen, no. 11899, seems to be quite certainly of the 
same type as no. 11892. It belongs to an individual of larger size 
than no. 11892, but is smaller than the type. These specimens 
may both represent an earlier stage of development of this species 
than the type specimen. The fragment, specimen no. 11899, is 
also probably from a part of the horn core somewhat farther above 
the base than the uppermost part of the horn core as represented 
in the type. They may both be referred tentatively to this genus 
as form B, in contrast with the typical form represented in specimen 
no. 11880 (figs. 1 and 4). 
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A very small specimen, no. 11893 (fig. 6), shows a cross-section 
of the horn core faintly suggesting that of the type of Sphenophalos 
nevadanus described below. In cross-section at the top the long 
diameter is a little more than twice the short diameter. On this 
specimen two sharply marked ridges arise at the base of the horn 
core, and come into positions diametrically opposite each other a 
short distance above the base. They twist about the core at a rate 
of about one complete turn in four inches, or at nearly the same 
rate as in J. alexandrae. As yet we have no definite evidence of a 
spiral twist of the ridges on the horn core of the type of S. nevadanus, 
though a slight turn outward and backward from the upper region 
of the orbit is suggested. This specimen differs from no. 11894 
in that the ridge a, which seems to rise just outside the superior 
openings of the supraorbital foramina as in ridge a in the type of 
Ilingoceros, appears to be continuous with the posterior angle of the 
post-orbital process instead of just above it, and may correspond to 
ridge 4 in no. 11892, form B. There is farther no suggestion in no. 
11894 of a second strong crest opposite ridge a as is shown here. 
From specimen 11892, designated as group B of I/ingoceros, this 
form differs in that the two main crests are near together with a 
narrow groove between them in group B, while here the main ridges 
assume positions diametrically opposite each other and the cross- 
section 1s narrow. 

Specimen 11893 may be referred to I/ingoceros tentatively, and 
designated as form C. 


SPHENOPHALOS® NEVADANUS, n. gen. and sp. 


Type specimen no. 11887, Univ. Cal. Col. Vert. Palae., from late 
Tertiary beds near Thousand Creek in northern Humboldt County, 
Nevada. 

Frontals not cavernous at the base of the horns. Horns situated 
on the upper posterior region of the orbits, sloping backward, 
slightly outward, and tilted upward at an angle between twenty-five 
and thirty degrees from the plane of the frontals above the orbits. 
Horn cores flattened in a plane extending backward and inward 
from the orbits. A short distance above the base the horn cores 
flare or widen slightly in the direction of greatest diameter in cross- 


3 opyv, wedge; Pados, horn on a Homeric helmet. 
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section. Outer anterior edge of the horn core arising over the 
upper posterior region of the orbit, and swinging backward with a 
suggestion of a twist. Surface of the horn core comparatively 
smooth, with a few pits or irregularities. Texture of the outer 
portion of the horn core solid. Supraorbital foramina present in 
front of the middle of the antero-medial side of the base of the horn 
cores. 

The type specimen (fig. 7) consists of the basal portion of the 
left horn with a portion of the frontal extending forward over the 
orbit, and backward to form a small portion of the brain case. A 
second specimen, no. 11888, includes the bases of both horns with 
portions of the orbits and brain case, and represents an individual 
a little smaller than the type. 

This form differs from the typical //ingoceros in the flattened 
form of the horn core, which shows only the slightest tendency to 
twist in the specimens available. The cross-section of the horn 
cores is wedge-shaped, the anterior edge being narrower than the 
posterior. ‘The antero-external angle of the core rises above the 
orbit in a line almost parallel with the long axis of the horn, while 
in the typical specimens of J/ingoceros the anterior ridge arising 
above the postero-superior region of the orbit swings backward 
sharply across the long axis of the horn and quickly twists around 
its base. 

The posterior aspect of the base of the horn core is also quite 
different from that of the typical [/ingoceros, as a perfectly even 
surface reaches up from the brain case and extends over the posterior 
side of the horn core. In J/ingoceros this region is crossed by the 
sharply twisting spiral ridges (fig. 1). 


SYSTEMATIC PosITION OF [LINGOCEROS AND SPHENOPHALOS 


The forms which have been included in the genus I/ingoceros 
as described above seem to belong near the strepsicerine or tragela- 
phine division of the antelope group. This sub-family is known at 
the present day only in the African region, unless, as some writers 
have held, the peculiar Boselaphus of India be grouped with the 
African forms. It was represented by several typical twisted- 
horned types in Europe and Asia in later Tertiary time. No mem- 
ber of this most specialized group has heretofore been known in the 
Western Hemisphere. 
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The type specimen of J/ingoceros resembles Protragelaphus from 
the Pliocene of Europe and Asia in some characters, but differs in 
the position and in the general character of the spiral ridges, in the 
more erect position of the horns, and in the greater width and flat- 
ness of the region between the bases of the horn cores. 

The small specimen, no. 11893, tentatively referred to [lingoceros 
as group C, most nearly approaches Protragelaphus, though it is by 
no means identical with it in form of horn core. A fragmentary 
specimen, no. 11886, which has been considered as probably repre- 
senting a portion of a horn core of J. alexandrae farther removed 
from the base than the upper end of the type specimen, suggests 
the form of the basal region of a horn core from Maragha, Persia, 
which has been considered by Weithofer* as possibly a young in- 
dividual of Protragelaphus skouzesi. It is not improbable that the 
Maragha form referred to may represent a type distinct from 
Protragelaphus. 

The typical [/ingoceros differs from Prostrepsiceros in the position 
and form of the spiral ridges, apparently also in the sharper twist 
of the spiral, and in the wider space between the bases of the horns. 

In Palaeoreas the anterior spiral ridge rises higher up on the base 
of the horn than in [/ingoceros and is much nearer the median line 
of the skull, so that the general aspect of the horn is quite different 
from all points of view. 

The specimens included in the genus Sphenophalos resemble 
Ilingoceros and the tragelaphine division of the antelopes in the 
absence of cavities at the base of the horn cores, as also in the 
density of the horn core as a whole. In the specimens available 
the horns are much flattened laterally, and have evidently not 
developed a series of spiral ridges like those of [/ingoceros, or the 
typical strepsicerine forms. The nature of the frontal region does 
not differ greatly from that of [/ingoceros. 

Sphenophalos resembles the existing prong-horn antelopes some- 
what in the general form of the horn core, and probably also in the 
character of the surface of the core. The horn cores of Sphenophalos 
differ from those of 4ntilocapra in their relatively greater thickness, 
and in their more oblique position with reference to the long axis 
of the skull. They also occupy a slightly more posterior position 


4 Weithofer, K. A., Denksch. d. k. Acad. d. Wiss. Math. Naturwiss. Cl., Bd. 57, Taf. 5, 
Fig. 2. 
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with reference to the orbit and are directed backward, instead of 
standing erect as in Wntilocapra. The posterior side of the base of 
the horn core in Sphenophalos presents a broad, flat, gently-curving 
surface, entirely different from the narrow, prominent posterior 
edge of the base of the horn core in the prong-horn. There is also a 
noticeable difference in the slope of the roof of the skull behind the 
horns, this region dropping away from the plane of the forehead 
more sharply in Sphenophalos than in Antilocapra. 

The resemblance to the prong-horns which is shown in the horn 
cores of Sphenophalos will mean very little if the horns of Sphenopha- 
los be found to be of the long, slender type of the true antelopes. 
The only suggestion that they may have been relatively short is 
given in the slight tendency of the horns to flare a short distance 
above the base. It is hoped that later finds may furnish material 
which will make possible a determination of the entire outline of 
the horn core. 

With the fragmentary material available it is probably not desir- 
able to attempt the definite reference of Sphenophalos to any of the 
existing subdivisions of the antelopes, although it appears to be not 
far removed from the tragelaphine forms of the Thousand Creek 
fauna. 

The collections from the Tertiary beds of the region of Virgin 
Valley and Thousand Creek have been as yet only partially exam- 
ined, and in the present communication only the horn cores have 
been described, as they seem for the present to constitute the most 
satisfactory basis for comparison. No reference has been made to a 
number of specimens representing dentition and general skeletal 
structure, as the scattered and fragmentary nature of the material 
is such that only a most careful study will make a correlation of the 
parts possible. It is probable that a more exhaustive study of the 
collection will considerably increase our knowledge of these forms, 
as the dentition of the antelopes has been well described, and made 
available for comparison by Schlosser.5 


RELATED FormMs IN AMERICA 


With the exception of the rupicaprine or chamois group as repre- 
sented by the mountain goats, the true antelopes which are so 


5 Schlosser, M., Abh. Mat. Ph. Cl. k. Bay. Akad. d. Wis., Bd. 22, p. 161. 


STREPSICERINE ANTELOPES IN TERTIARY OF NEVADA 919 


wonderfully represented in the Old World have not until recently 
been known to have been present at any time in the fauna of the 
New World. 

In an important paper on “A Pliocene Fauna from Western 
Nebraska” Dr. W. D. Matthew and Mr. Harold Cook have recently 
described® a most interesting fauna resembling that from Thousand 
Creek, Nevada, and containing remains of a form considered by 
them to represent the tragocerine or hippotragine division of the 
antelope group, which has hitherto been known only from Europe, 
Asia, and Africa. The horn is short and straight, with a round-oval 
cross-section. Its surface resembles that of the horns of the Bovi- 
dae, and differs from the prong-horn antelope in its comparatively 
coarse pitted structure. 

There is in the University collections a fragmentary specimen 
from Thousand Creek representing a small portion of a horn core 
which corresponds very closely in form to about one-third of the 
horn core of the type specimen Neotragocerus improvisus as figured 
by Matthew and Cook. The cross-section of the horn core is 
approximately circular and there is no evidence of the presence of 
spiral ridges. The core narrows rather sharply toward one end, 
which presumably indicates that the horn was short. It appears 
to narrow too rapidly to represent simply the tip of a tragelaphine 
horn. As nearly as can be judged from this specimen there is good 
reason to think that it is either a form near Neotragocerus, or is an 
early representative of the Zplocerus or mountain goat type. 

Associated with the antelopes from Thousand Creek there are a 
number of representatives of the Merycodus type, and with these 
there is one specimen which resembles Merycodus, and also suggests 
Sphenophalos. If the lowest beds of the Virgin Valley formation 
are found to contain these forms, it might be profitable to consider 
carefully the possibilities of American origin of some of the ante- 
lopes here described. It may also be profitable to consider the 
relationship of the existing American antelopes or antelocaprines 
to some of the forms represented in this fauna. 


Issued December 16, 1909 


§ Bull. Amer. Mus. Nat. Hist., vol. 26, pp. 361-414. 
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INTRODUCTION 


brought to the writer’s attention in 1905 through Mr. 
Robert L. Fulton, who kindly permitted the examination of 
several fragments of bones and teeth obtained in Virgin Valley by 
Mr. Allan C. Bragg, and given by him to Mr. Fulton. In the 
attempt to obtain information regarding the geology of the region, 
the late John A. Reid, then Professor at the University of Nevada, 
assisted in every possible way. 
In June, 1906, the writer, in company with Felix T. Smith, a 
student at the University of California, made a reconnaissance of the 


T Tertiary fossil beds of northwestern Nevada were first 


University of California Publications, Bulletin of the Department of Geology, vol. 6, no. 2, 
pp. 21-53, pls. 1-12, November 30, 1910. 
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Virgin Valley region and obtained a small collection of fossils. Ina 
brief statement of the results of this study published by the writer! 
the formation in Virgin Valley was designated as the Virgin Valley 
Beds. It was considered as Miocene, with the suggestion that the 
upper part of the series was probably not older than the Mascall 
stage of the John Day region. 

In a discussion of some of the ungulate material collected largely 
in the older beds at Virgin Valley by Merriam and Smith in 1906, 
J. W. Gidley? expressed the opinion that all of the specimens in the 
collection examined represented middle or lower Miocene, and that 
they might be somewhat older than the Mascall. 

In the summer of 1909, Miss Annie M. Alexander very kindly 
offered to organize and finance an expedition to Virgin Valley to 
carry on the work which had been suggested by the reconnaissance 
in 1906. The party organized by Miss Alexander spent three 
months in the field, and after working over the exposures at Virgin 
Valley and Thousand Creek, the exploration was extended to several 
localities near Soldier Meadows to the south of Virgin Valley, where 
a number of new exposures of mammal beds were discovered. 

The available information relating to the mammal beds of the 
Virgin Valley and Thousand Creek region is presented in two parts 
issued separately. The first part includes a general description of 
the region, a history of investigation carried on there, and a discus- 
sion of the geologic history. The second part contains a discussion 
of the extinct mammalian faunas of these beds, with a consideration 
of all the accumulated information contributing to an understanding 
of the age of these faunas and of the formations in which they are 
found. 
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During the field operations E. L. Furlong devoted special atten- 
tion to the occurrence and distribution of the mammalian remains 
obtained, and to the nature of the mammal beds. Mr. Furlong 
also had immediate charge of the fossil collections. A. J. Heindl 
brought together a representative collection of rock specimens 
illustrating the principal lithological phases of the formations occur- 
ring in the region investigated, and made a series of notes on their 
occurrence and structure. | 

In carrying out the work of the expedition the Pacific Live Stock 
Company, through all of its representatives with whom the mem- 
bers of the party came in contact, most generously assisted in every 
way possible, and contributed greatly to the efficiency of the expedi- 
tion. Particularly in connection with the work in the field, mention 
should be made of assistance by Mr. F. M. Payne, who was very 
helpful to the party. 

The writer 1s also indebted to T. H. McGhee and Edward McGhee 
of Virgin Valley for information regarding the occurrence of fossil 
remains. It should be stated that Edward McGhee is, so far as 
known to the writer, the first person to discover fossil bones in 
Virgin Valley. On the reconnaissance trip made by the writer in 
1906 T. H. McGhee very kindly indicated to us the situation of 
some of the most important fossil localities in the region. 


GENERAL PuysIcAL FEATURES OF THE REGION 


The region in which the mammal-bearing beds of Virgin Valley 
and Thousand Creek are situated lies between two fairly defined 
areas of quite different topographic nature. To the east and south 
there is a succession of sharply defined mountain ranges with a 
general north and south trend, between which are broad and re- 
markably flat valleys. The Pine Forest and Pueblo ranges, which 
form the eastern border of the region in which the principal field 
work was carried on, rise to a height of over 9000 feet. The broad 
valleys have an elevation of about 4000 feet. 

As is so frequently shown in the Basin region, the development 
of the mountain chains to the east of Virgin Valley is evidently due 
in a large part to faulting. The remarkably even filling of the 
valleys was accomplished in part by alluvial wash, and partly by 
accumulation in lakes. A series of terraces distinctly shown border- 
ing the flats near Sodhouse Point and near Mason’s Crossing, in the 
valleys immediately to the east of Pine Forest Range, represents the 
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shore-line of a body of water which must have covered a large part 
of the valley floor in this region during some portion of Pleistocene 
time. Associated with the terraces are remnants of marginal depos- 
its containing a fresh-water molluscan fauna. Along certain levels, 
the marginal deposits of the ancient lake show an extraordinarily 
heavy calcareous deposit. According to Russell* this region was 
occupied by the northern extension of Lake Lahontan, and the 
terrace deposits to which reference has just been made were evi- 
dently formed during that period of deposition. 

In the region to the west of Virgin Valley the country is largely 
lava-covered, and is evidently a southward extension of the great 
lava plateau in the Oregon region to the north. The valleys here 
are either broad and comparatively shallow depressions, due to 
crustal movements of less magnitude than those which produced 
the deep, broad valleys to the east; or they are comparatively 
narrow cafions due to erosion. ‘The general level of this region is 
much higher than that of the broad valleys to the east. 

The region under consideration may be classified, as a whole, as 
semi-arid, excepting some of the highest zones of the larger moun- 
tain masses. Over the greater part of the area sage-brush is the 
dominant type of vegetation. Trees are almost entirely absent, 
excepting scattered junipers on the hills, a few alders and willows 
along the streams, and a few pines in the highest zone. 

Notwithstanding the generally arid nature of the country, there 
is sufficient grass, and other vegetation which may serve as food for 
herbivorous animals, to support a large mammalian population. 
In comparatively recent time the ungulates have been quite abun- 
dantly represented by prong-horn antelope, deer, and mountain 
sheep. At the present day the carnivores are numerously repre 
sented by coyotes, wild-cats, and badgers, and an abundant rodent 
population includes many genera and species. The fauna as a 
whole is surprisingly rich in variety of forms and number of 
individuals. 


GEOLOGIC FEATURES OF THE REGION 


The geologic features of the region visited by the expedition 
present a most attractive study. A considerable number of well- 
defined formations are represented and numerous instructive sec- 


’ Russell, I. C., Lake Lahontan, Monog. U. S. Geol. Surv. no. 11. 1885. 
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tions are exposed by extensive fault-scarps and deeply eroded 
cafions. The district immediately surrounding the field examined 
apparently shows a range of geological systems extending from 
Palaeozoic to Quaternary. 

As the primary object of the expedition was to obtain a repre- 
sentation of the mammalian fauna of the sedimentary formations 
in the Virgin Valley region, the acquisition of palaeontological 
material was the occupation of first importance. Investigation of 
the formations represented has therefore of necessity been confined 
almost exclusively to the fossil-bearing beds with those adjacent 
to them, and may not be considered as more than a reconnaissance. 

In the region investigated, five fairly distinct geologic sections 
were examined; viz., those of Pueblo Range, Pine Forest Range, 
Virgin Valley, Thousand Creek, and High Rock Cafion. For the 
purpose of description these sections are discussed separately. 


Pueblo Range Section 


Previous to the brief note published by the writer in 19074 the 
only reference to the geology of the region near Virgin Valley 
known to have been published is that of Blake’, in 1875, on the 
Pueblo Mountains, extending southward along the east side of the 
Thousand Creek region (pl. 2). 

Blake described a section of the beds across the Pueblo Range 
which corresponds very closely in its upper portion with a profile 
of the southern extremity of this range made by A. J. Heindl, and 
confirmed by the independent observations of E. L. Furlong and 
the writer in passing through this region. According to Blake, the 
lowest formation is a “porphyry” which is overlain on the east side 
by “metamorphic rocks, principally micaceous and talcose schists 
with some metamorphic limestones. These have a dip of about 
78° E. with a strike generally North 16° E. They appear to have 
been thrown up by an eruption of porphyry, which now forms the 
crest of the ridge.’ The western portion of the section is formed 
by a ridge which overlaps the eastern ridge both at its north and 
south ends. The western ridge was described as “composed entirely 
of volcanic rocks, arranged in regular strata, with a dip of 20° to 
the west. They form perfectly conformable layers, and extend 


4’Science, n. s., 26, p. 380.) Sept. 20) 1907. 
5 Blake, J., Proc. Calif. Acad. Sci., 5, pp. 210-214. 1875. 
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from its base to the summit of the ridge, a height of more than 1200 
feet, 6,000 feet above the level of the sea. The beds are composed 
of many varieties of volcanic rock.” The section of the western 
ridge consisted mainly of basalts below, with trachytic rocks at the 
top. At the southern end of the ridge Blake observed strata con- 
sidered as of aqueous origin. “They were laying perfectly con- 
formable on volcanic rocks and were covered in by a layer of gray 
trachyte also perfectly conformable with these aqueous beds. The 
beds were about 200 feet thick, consisting of strata of white and red 
argillaceous rocks, rolled conglomerate, and were all evidently 
formed from debris of volcanic rocks, the conglomerate being made 
up principally of rolled pumice.” 7 

Blake pointed out particularly that the succession of igneous 
rocks, in which basalts occurred below trachytes, did not agree 
with Richthofen’s system. He also expressed the view that “the 
geological formation of this range will be found to be repeated in 
the vast outflows of volcanic rocks that cover so large a portion of 
Eastern Oregon, extending north beyond the Columbia River.” 

No definite evidence of the age of any of the formations was given 
by Blake, though he suggested that the erupted rocks were early 
Miocene, and that the older rocks of the eastern ridge were prob- 
ably Triassic. 

Waring® in his account of the Geology and Water Resources 
of the Harney Basin Region, Oregon, refers to the work of Blake 
and speaks of the Pueblo Mountains as “composed of rocks that 
belong to an older series than do the lavas to the north. These 
mountains were only cursorily examined, but from float specimens 
that were collected along the eastern base of the range they appear 
to be made up of andesitic porphyries, micaceous schists, and gra- 
nitic rocks, which have been more or less extensively affected by 
mineralizing agents.” 

In Waring’s paper on the Harney Lake region, the geology of an 
extensive area to the north of Virgin Valley and Thousand Creek 
has been outlined. Unfortunately the geologic mapping was not 
carried to the southern end of the Harney Valley sheet on Waring’s 
map, but was discontinued about twenty miles north of the Oregon 
line. The northernmost point reached by the University of Cali- 


6 Waring, Gerald A., U. S. Geol. Surv., Water-Supply Paper, 231, p. 18. 1909. 
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fornia expedition in 1909 is situated near the southern border of 
Oregon. 

The section at the southern end of the Pueblo Range was exam- 
ined in detail by Heind! in the ridge opposite Mud Lakes. At this 
point a thickness of about eleven hundred feet in the upper portion 
of the series is exposed by a sharp fault along the west side of the 
lake. The beds here dip at an angle of about twenty degrees to the 
north of west. The section as obtained by Heindl is shown in 
figure 1. 

As nearly as can be determined the sequence here agrees with 
that observed by Blake.’ 


RAYOLITE 


RHYOLITIC 
iO Face 


OLIVINE 
BASALT 


BASALT 
(SOLIO) 


BASALT 
(VESICULAR) ® 


Fic. 1. Cliff section showing a portion of the Pueblo Range Series immediately west of 
Mud Lakes. 


To the west of this extension of the range there is a considerable 
thickness of ashes and tuffs resting upon the beds exposed at Mud 
Lakes. Above these ash beds are still later eruptives which Heindl 
believes to be rhyolite. This portion of the section presumably 
corresponds to the upper portion of Blake’s section showing beds 
considered to be of aqueous origin. According to Blake the beds of 
supposed aqueous origin were conformable with the volcanic rocks 
below them, and were covered by a layer of gray trachyte, also 
conformable. The sedimentary beds consisted in part of conglom- 
erate which was made up largely of rolled pumice. 

Seen from some distance to the south, the great series of the 
Pueblo Range eruptives and the associated beds appears as a re- 


7Op. cit. 1875, 
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markable example of evenly tilted strata, extending back toward 
the mountain core by regular steps as each hard stratum is passed. 
The whole series runs under the plain of Thousand Creek to the 
west with a fairly uniform dip of approximately twenty degrees. 
In all of the localities in which the mammal beds of Thousand Creek 
have been observed they are nearly horizontal. Though no obser- 
vations have been made at their actual contact with the older 
formation, there would seem to be a strong angular unconformity 
between the two. 

Whether the sedimentary beds in the upper portion of the Pueblo 
Range section actually belong with the lavas and tufts below is not 
certain. They, with the lavas, appear to represent one general 
period of deposition. At all events they both antedate the period 
of deformation which preceded the deposition of the Virgin Valley 
and Thousand Creek beds. 

For practical purposes it is desirable to refer to the rhyolites and 
basalts on the western side of the Pueblo Range, with whatever 
eruptives or other beds may be shown to belong in the same series, 
as the Pueblo Range Series, a geographic designation indicating 
the section first described by Blake. This section is geographically 
so situated that it should be possible to correlate it with other 
igneous series in the region of southern Oregon and northern Nevada. 
To this series the Cafion Rhyolite bordering Virgin Valley appar- 
ently belongs, although it is not entirely certain whether it represents 
exactly the same horizon as the rhyolites exposed in the upper part 
of the section immediately to the west of Mud Lakes. A careful 
study may show the Pueblo Range Series to be composed of several 
fairly distinct divisions. 


Pine Forest Range 


Corresponding in a manner to the observations of Blake on the 
Pueblo Range, the work of the University of California expedition 
has shown that the prominent mountain mass known as the Pine 
Forest Range (pl. 2) which overlaps the southern end of the Pueblo 
Range comprises a granitic mass bordered by rock series which have 
undergone considerable alteration in many cases. On the eastern 
side of the southern end of the range there are extensive exposures 
of limestone which appear from a distance as a grayish band running 
obliquely up the mountain slope from the south. In this exposure 
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Miss Alexander obtained a considerable number of specimens made 
up largely of round crinoid stems. Although the crinoid fragments 
are insufficient evidence upon which to base a definite age determina- 
tion, the presence of stems of this character probably indicates 
that the beds are older than the Triassic, as the most abundant 
Triassic crinoids of this general region are not of the round-stemmed 
type. The presumption is that the limestones are Carboniferous, 
though there is no definite evidence that they are not older. 

The sides of the Pine Forest Range are flanked by series of igneous 
rocks that apparently correspond in a large part to the Pueblo 
Range Series represented by such extensive exposures on the western 
side of the Pueblo Range immediately to the north. 


Virgin Valley Section 


The geologic section exposed in Virgin Valley is the most im- 
portant examined, as the larger part of the known Tertiary history 
of this region is illustrated here in excellent exposures. At least 
three formations are represented, of which the middle one is the 
mammal-bearing series known as the Virgin Valley Beds. The 
Cafion Rhyolite immediately underlying the mammal beds is 
presumably of the same age as the upper or rhyolitic portions of the 
Pueblo Range Series. The Mesa Basalt, which overlies the Virgin 
Valley Beds, is widely spread over the surrounding region. (See 
me, Do) 

The structure of the beds in Virgin Valley is in general synclinal. 
The basal formation, the Cafion Rhyolite, dips southwest and 
beneath the valley from Thousand Creek Ridge to the east; and 
reappears, dipping northeast, in Hard Rock Ridge to the southwest. 
The Virgin Valley Beds form a shallow trough, but are less dis- 
tinctly folded than the basal rhyolites. The basalt capping is 
practically horizontal. 

Caton Rhyolite—In Virgin Valley, and also at Thousand Creek, 
the formation underlying the mammal beds consists of rhyolitic 
flows. In Virgin Valley this basal series is folded into a syncline 
containing the Virgin Valley Beds. The rhyolites are well exposed 
on the western side of Virgin Valley at Hard Rock Ridge near 
Virgin Ranch, where they are dipping gently to the northeast 
beneath the Virgin Valley Beds. These beds form the sharp gorge 
through which Virgin Creek enters the valley from the southwest. 
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To the east, the rhyolites form Thousand Creek Ridge, which slopes 
gently to the southwest and drops off precipitously to the east 
(see pls. 3 and 4, and text fig. 2). Through this ridge the drainage 
of the valley escapes in a deep, narrow cafion cut by Thousand 
Creek. At Thousand Creek Cafion the rhyolites are exposed to a 
thickness of not less than four hundred feet and dip gently toward 
the southwest, or toward the middle of Virgin Valley. 

At the top of the hill above Thousand Creek Cafion, the upper- 
most beds to the south of the wagon road are practically horizontal, 
and judged from their position possibly represent a phase of the 
rhyolite laid down after the earlier portion of the formation 
had been eroded and deformed. From this upper phase much of 
the rhyolite occurring as pebbles and boulders in the rhyolitic 
gravels apparently interbedded with the Virgin Valley Beds (see 
p- 938) seems to have been derived. The rhyolite flows are accom- 
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Fic. 2. Section along A-B line on plate 2, showing section across Virgin Valley and Thou- 
sand Creek Ridge. 


panied by tuffs, which are exceedingly coarse in places, the frag- 
ments of pumice in them being in many cases several inches in 
diameter. 

The precipitous slope on the east side of the rhyolitic outcrop 
at Thousand Creek Cafion is a fault-scarp, the base of which is 
covered on the east side by the mammal beds of Thousand Creek. 
On the eastern side of the Thousand Creek basin the same mammal 
beds rest upon the rhyolites forming the upper portion of the erup- 
tive series on the northwestern flank of the Pueblo Range. 

The rhyolites of Thousand Creek Cafion may be traced around 
the borders of Virgin Valley to the northwest along the valley of 
Beet Creek, and seen from a distance they appear to form the sharp 
gorge at the upper end of Beet Creek (fig. 3, p. 934). 

The rhyolites evidently extend south from Thousand Creek 
to the valley of Gridley Lake, where Heindl found them exposed 
on the west side of the valley by a fault running northeast and 
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southwest, in a line nearly continuous with that of the fault west of 
Mud Lakes to the north. The western flank of Pine Forest Range 
just to the east of Gridley Lake valley seemed to Heindl to consist 
of an eruptive series similar to that exposed in the fault-scarp on 
the west side of the valley. 

An outlying mass of rhyolite is also seen in a prominent hill 
known as Antelope Butte, which rises above the lava-covered mesa 
south of Virgin Valley (see fig. 4, p. 937). 

The rhyolites in these several regions are quite similar petro- 
graphically, they are always below the mammal-bearing formations, 
they have experienced about an equal amount of deformation, and 
there is evidence indicating that they belong to the series of erup- 
tives flanking the western side of the Pine Forest Range; so that 
they may all be considered as representing approximately the same 
horizon. From their occurrence in gorges around the borders of 
Virgin Valley, these lavas may be known as the Cafion Rhyolite. 
They are presumably only a portion of the extensive series for which 
the geographic appellation of Pueblo Range Series is used. 

As was shown by Blake® the rhyolites of the Pueblo Range are 
only the uppermost portion of a thick series composed largely of 
basalts. In his mapping of the formations of southeastern Oregon, 
Waring? has recently shown that the principal series of lavas occur- 
_fting over this region consists largely of basalts followed in many 
instances by rhyolites. The rhyolites of the Virgin Valley region are 
presumably only the upper portion of this extensive formation. 
As has been stated by both Blake and Waring, there is reason to 
believe that this series of eruptives is to be correlated with the great 
lava beds reaching over a very wide extent of territory in the Colum- 
bia River region. 

As extensive lava formations both older and younger than the 
Columbia Lava are well known in the great Columbia River area 
immediately to the north, it is desirable that the eruptive series of 
southern Oregon should be carefully compared with those of several 
typical sections where the age and relationships of the lavas have 
been determined. From the point of view of general geology it is 
very desirable that an attempt be made to connect the area mapped 
in southern Oregon with the section of the John Day region, which 


8Op. cit., p. 214. 1875. 
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is the most satisfactory series of formations for correlation purposes 
that has yet been observed in this region. 

With our present knowledge of the eruptive formations of southern 
Oregon, there is reason for considering the principal lava series, of 
which the Pueblo Range Series seems to be representative, as pre- 
sumably, though not certainly, the correlative of the definite horizon 
of eruptives situated between the John Day and Mascall formations 
on the John Day River, at Picture Gorge, near Dayville, Oregon. 
To this phase of the igneous succession the name Columbia Lava 
has been definitely limited by the writer!°, as it seemed desirable 
not to discard entirely the name so appropriately suggested by 
Russell" for the great lava flows of the Columbia River region". 

Virgin Valley Beds:—Resting upon the Canon Rhyolite in Virgin 
Valley is a thick sedimentary series, consisting largely of volcanic 
ash and tuff, which has been designated as the Virgin Valley Beds® 
(see pl. 5; and text fig. 2, p.929). Itis from this formation that the 
Tertiary mammalian fauna of Virgin Valley is obtained. 

The Virgin Valley Beds have been protected by the overlying Mesa 
Basalt, which now forms extensive table lands on each side of the 
valley; and in the escarpments bordering the mesas exceptionally 
good sections are exposed. Although a considerable fauna has 
been obtained from these beds, vertebrate remains are nowhere 
abundant in them, and the collections available represent much 
painstaking effort. 

The thickness of the Virgin Valley Beds, measured from the 
uppermost strata to the floor of the valley, is about 1500 feet. The 
beds are evidently thinnest around the edge of the valley, and the 
bottom of the formation is not reached at the point where the 
measurements were made. Even taking into account a slight dip 
of the beds from the highest point toward the lowest level, the total 
thickness may be estimated at over 1500 feet. 

Throughout the whole extent of the valley the strata are found 
to vary only a few degrees from a horizontal position, excepting 
through landslides. Such variation from the horizontal as is shown 
expresses a gentle syncline with the depression near the middle of 


19 Univ. Calif. Publ. Bull. Dept. Geol., 2, p. 303. 1901. 

1 Russell, I. C., U. S. Geol. Surv. Bull. no. 108, p. 20. 1893. 

12'This igneous series has also been known as the Columbia River Lava. 
#8 Merriam, J. C., Science, n. s., 26, 1907, p. 380. 
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the valley. This is presumably due mainly to a slight deformation 
which has taken place since the principal accumulation occurred. 
It may be due in a small part to conformation to the form of the 
trough in which the beds were laid down. 

The Virgin Valley Beds are almost entirely made up of volcanic 
ash and tuff. At several horizons gravel, sand, clay, lignite, and 
diatomaceous deposits occur, but are of much less volume than the 
beds of purely volcanic origin. 

The lowest strata recognized in the valley are ashes and tufts 
dipping gently to the west along the western side of Thousand Creek 
Ridge (pl. 5). These strata are predominatingly white, but range in 
color through bright red, purple and green. ‘This phase is overlain 
commonly by a series of dark red beds which have quite an extent 
along the stream bed in the northern part of the valley. 

The lowest beds of the series rest upon the irregular surface of the 
Cafion Rhyolite. Such evidence as is available suggests uncon- 
formity between the lower Virgin Valley Beds and the Cafion 
Rhyolite. 

The white ashes of the lowest portion of the section have prob- 
ably accumulated quickly. The dark red horizon presumably 
represents a period of slower accumulation with extreme oxidation. 
The mode of accumulation of the lowest beds examined is not 
strongly suggested by any evidence obtained thus far, but they are 
not improbably aeolian. ‘The red beds are possibly aeolian. 

The section of the formation immediately above the dark red 
horizon is distinguished by a brownish-yellow coloration over a 
considerable part of the valley. The same general horizon is 
apparently represented by a grayish or buff phase in many places. 

In that portion of the section above the red beds, at some locali- 
ties in the yellow phase and at others either below or above it, there 
are considerable thicknesses of thinly-bedded, highly carbonaceous 
shales which may contain numerous lignitic layers (pls. 6 and 7). 
The shales are largely clay and ash, but may be diatomaceous. The 
lignitic seams are very numerous in some of the sections, as on the 
south side of the valley of Beet Creek. They have usually a thick- 
ness of only an inch or two. Prospecting for coal has been carried 
on in this portion of the series but no deposits of economic value 
have yet been discovered. 

A number of fossil leaves were obtained in the section on Beet 
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Creek. It has been found very difficult to transport specimens 
owing to the friable nature of the rock, and only a few species have 
been obtained for study. 

At one locality of the middle beds in Virgin Valley opal speci- 
mens of some commercial value are found. The opals occur largely 
in cracks or cavities in the typical fossil-bearing beds of this horizon. 

The deposits of that portion of the Virgin Valley represented by 
the yellow beds and the carbonaceous strata were certainly in part 
laid down in water. The diatomaceous beds are of aqueous origin, 
and some of the gray clayey strata which are found to contain fish- 
bones in considerable numbers must also have been formed in water. 
The shales with numerous lignitic seams are evidently swamp or 
lake deposits in a large part. 

That portion of the Virgin Valley Beds above the yellow and 
the carbonaceous phase of the formation constitutes the largest 
part of the series of beds exposed. It is made up almost entirely 
of white to buff or cream-colored ash and tuff. Some strata are 
almost pure, sharp-edged ash which has been but little worked 
over. In other beds, the glass is much decomposed and the mate- 
rial has apparently been worked over considerably. There are 
in this portion of the section a number of beds of gravel and boulders 
which are evidently of fluviatile origin, but the impression given 
by this section as a whole is that it is largely of aeolian origin. This 
suggestion is also supported by the nature of the fossil remains in 
these beds, which are those of land forms. ‘This does not preclude 
the possibility that some of the strata accumulated in temporary 
lakes. 

During the deposition of the Virgin Valley Beds the conditions 
of accumulation were apparently much as those at the present time 
in most of the large valleys of the Nevada or eastern Oregon region. 
The Cafion Rhyolite evidently formed the rim of the valley, while 
the sediments laid down in it were spread out to form a broad and 
nearly level floor. Whether the conditions were such as to cause 
sedimentation in water or in air, the evenness of the stratification 
remained much the same. 

As suggested under the discussion of the later history of this 
region (see p. 940) there is reason for believing that a considerable 
thickness of rhyolitic gravels resting unconformably upon the middle 
beds of the Virgin Valley section in the angle between the valleys 
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of Virgin Creek and Beet Creek (pl. 8) represents deposition within 
the Virgin Valley epoch. Whether this unconformity exhibited 
here is general throughout the Virgin Valley section, or whether it is 
a purely local feature, is not known. If it should be found to repre- 
sent a widespread condition of erosion, it would be necessary to 
divide the Virgin Valley section into an upper and a lower division. 
In this case, the name Virgin Valley Series may be applied to the 
whole group of beds between the Cafion Rhyolite and the Mesa 
Basalt. The beds below the unconformity would then be known 
as the Lower Virgin Valley Beds, those above the unconformity the 
Upper Virgin Valley Beds. 

Mesa Basalt—Where they are not uncovered by erosion, the 
Virgin Valley Beds are capped by an extensive sheet of olivine basalt 
of a doleritic facies. This capping forms the “‘rim rock’’ of the 
great mesas on both side of the valley of Virgin Creek and may be 
known as the Mesa Basalt (see pls. 9 and 10, text fig. 2, p. 929, and 
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Fic. 3. View of the mesa north of Beet Creek. See also plates 2 and 10. 


text fig. 3). So far as observed, the lava sheet is not distinctly 
unconformable upon the underlying beds. The table-lands covered 
with this lava capping are known to extend for a distance of fifteen 
or twenty miles north and south. As seen from a commanding 
point above its level, the table-land appears to have an extent 
several times the length of the section in which the basalt capping 
has actually been traced, and the presumption is that this flow 
reaches over a territory much larger than that personally visited. 
The surface of the basalt cap, and of the mesas in general, is nor- 
mally nearly level, or with only slight undulations. Several faults 
of considerable magnitude have developed in the mesa to the north- 
east of Virgin Valley in the movement of large crustal blocks in 
comparatively recent time. 

To one traveling over the mesas, the surface of the table presents 
a most unusual spectacle. The lava is only partly covered by ir- 
regular patches of soil in which no plants larger than sagebushes 
have developed. ‘The evenness of the surface and the unvarying 
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nature of the long stretches of sagebrush and lava blocks are such 
as to make a judgment of distance most difficult. Above the surface 
of the lava there rise here and there a few prominent points (see 
pl. 10), as Antelope Butte (fig. 4, p. 937) situated on the mesa south 
of Virgin Valley. This point consists of a dome of rhyolite which 
projects as an island rising three hundred feet above the level surface 
of the basalt flow. 

The basalt sheet is near twenty-five feet in thickness over the 
region where it has been examined, and consists of several fairly 
distinct layers. The separate beds observed may not be persistent, 
and may be nothing more than local advances of a single flow. The 
uniformity in thickness is quite remarkable, and evidently indicates 
that the lava was poured out on a nearly even plain. Though the 
dissection of the mesas by erosion has exposed splendid sections of 
the region formerly covered by the basalt, no dikes or fissures have 
been observed through which this lava has come to the surface. 
Such sources may, however, appear in localities not yet visited. 
The extent of this flow appears rather remarkable when considered 
in relation to its thinness. It is difficult to understand how a flow 
could extend itself so broadly without heaping up more than is 
indicated in this section. 

Taking into consideration the thinness of the flow and the even- 
ness of the floor upon which the Mesa Basalt was laid down, the 
present aspect of the tablelands surrounding Virgin Valley may be 
considered as closely representing the nature of the topography of 
this region during the latter part of the epoch of deposition of the 
Virgin Valley Beds. If the lava sheet were removed, the sedi- 
mentary beds below would form a nearly level plain reaching well 
up on the side of the range to the south. Many of the salient fea- 
tures of the topography which existed in early Virgin Valley time 
would be completely buried, while a few of the highest points would 
project as islands rising sharply above the surrounding ash accu- 
mulation. 

History Subsequent to Outpouring of Mesa Basalt.—No accumula- 
tion of sediment has been observed to rest upon the Mesa Basalt. 
Though such formations may possibly exist in localities that were 
not visited, the impression received in a general survey of the table- 
land region is that the basalt sheet was the last deposit laid down 
in the region anterior to the events that initiated the cycle of erosion 
during which the present valley was excavated. 
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Movements following the outpouring of the basalt sheet are 
evidenced in the presence of a sharply-marked fault along the line 
of the scarp following the east face of Thousand Creek Ridge. The 
basalt cap to the north of Thousand Creek Cafion is sharply cut off 
along the extension of the axis of the ridge, the mesa on the east 
side of the jog dropping a little over four hundred feet below the 
level of the mesa to the west. This movement is a late phase of the 
adjustment of crustal blocks which evidently began moving before 
the deposition of the Virgin Valley Beds. It is not improbable 
that a small amount of movement occurred along this line during 
Virgin Valley time. The level of the region to the west of the fault- 
line must have been somewhat higher than that of the country to 
the east after the basalt outflow in order to permit the establishment 
of the present drainage system, which flows toward the east across 
Thousand Creek Ridge. 

The drainage system of Virgin Valley as it now appears is a very 
interesting feature of the region, as it pursues its course apparently 
without respect to very prominent barriers (see pl. 2). To the 
north, west, and east of the valley the streams cut narrow cafions 
through very hard ridges of the older rhyolitic rocks; while the 
stream-beds in the valley proper are broad, and in some cases widen 
out into marshy belts. The small stream of Thousand Creek, 
formed by the union of Virgin and Beet creeks, leaves the broad, 
open valley to cut straight into the hard rhyolite of Thousand Creek 
Ridge, through which it passes in a very narrow cafion (pls. 3 and 4). 
It is evident that the barriers crossed by the present drainage were 
passed in the process of cutting through the Virgin Valley Beds 
and into the buried ridges of the older formation. The general 


progress of cafion cutting may have been retarded considerably at 


times by the nature of the opposing barriers, and movements along 
the fault-line crossing the stream at the mouth of Thousand Creek 
Cafion possibly retarded it still farther. 

During the process of excavation of Virgin Valley there appear 
to have been several resting stages of which some record is left in 
terraces. At least two levels of terracing seem to be indicated on 
the slopes of the valley. Both represent levels of relatively slow 
accumulation of alluvial fans, which have been followed by periods 
of cutting in which the ends of the older fans have been sharply 
truncated. The levels of these terraces are about twenty feet and 
forty feet above the present floor of the valley. 


\ 


if 


| 
| 
| 


VIRGIN VALLEY AND THOUSAND CREEK: GEOLOGIC HISTORY 937 


In the course of excavation of the valley, numerous landslides 
have evidently been an important feature in the movement of 
material from the walls of the bordering table-lands. On both sides 
of Virgin Creek numerous large blocks of the mesa with the basalt 
capping almost intact are seen in various positions on the slope 
below the lava cap (pl. 11, fig. 1). On the edge of the mesa, blocks 
half a mile or more in extent may be seen in the first stages of move- 
ment. In the lower part of the valley near the union of Virgin 
Creek and Beet Creek a long series of lava-capped hills reaches for a 
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Fic. 4. A portion of the mesa south of Virgin Valley. Antelope Butte, a prominent dome 
of rhyolite in the background, rises above the level floor of basalt. The circular lake in the 
foreground is surrounded by steep walls of basalt. 


distance of at least two miles from the mesa down to the present 
stream-bed (see pl. 5). The strata in these hills are frequently 
sharply inclined, usually with the dip toward the mesa (pl. 11, 
fig. 2). The lava capping consists of material identical with that 
in the basalt cap of the mesa. 

The separation of large blocks from the valley wall is evidently 
due in a considerable measure simply to the cutting of small streams, 
the basalt cap having protected the underlying mass until the wall 
was cut down to a very steep slope. The breaking away of blocks 
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of large size is evidently assisted greatly by seepage developed 
through breaks in the lava cap. The presence of such channels 
of seepage on the mesas both north and south of Virgin Valley is 
evidently indicated by a series of peculiar lakes scattered over the 
table-lands. The lake basins, in some cases at least a mile in 
diameter, are situated on the level lava tables (fig. 4). They are 
usually approximately circular, with steep marginal walls formed 
by the basalt. Though the lava cap has disappeared over the area 
of the lake basins, there is no lateral outlet for wash. The only 
supposition on which we can account for the presence of these 
depressions seems to be that they have been formed by the sinking 
of the lake floor. This would most probably be caused by lines of 
seepage causing readjustment of the ash strata below, partly through 
the condensing effect of water on the beds of loose ash. Seepage 
of this character would also tend to separate large blocks from the 
main valley wall. Depressed areas, developed some distance away 
from the margin of the mesa, when reached by recession of the 
valley wall would presumably tend to move as large slides. 

In the movement of the numerous blocks which have been 
detached as slides from the mesa walls it is not improbable that 
earthquake shocks have played a part of some importance. In the 
fault movement which caused the four hundred foot displacement 
along the east side of Thousand Creek Ridge in post-Mesa-Basalt 
time, earthquakes of considerable violence probably occurred. 

Suggestions of a stage during which considerable volumes of sedi- 
ment may have accumulated in the valley before it had attained 
as much as one-half of its present depth are offered by a bed of gravel 
and boulders which covers the top of a prominent ridge in the angle 
between the drainage of Virgin Creek and Beet Creek (pl. 8). At 
this point the top of the spur running out from the sharp eastern 
point of the mesa is covered with at least fifty feet of coarse gravel 
and boulders. Farther east Mr. Heindl measured a section of this 
gravel one hundred and twenty feet thick. At some points near 
the east end of the ridge these gravels are interbedded with strata 
which appear like a part of the Virgin Valley Formation. Along a 
large portion of the north side of this ridge the contact between the 
gravel and the underlying Virgin Valley Beds is very clearly ex- 
posed, and a strongly marked angular unconformity of at least ten 
degrees variation in dip is shown. At some points the underlying 
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strata are considerably contorted. The sharp minor folds might 
possibly be due to local slipping of soft strata below a contact with 
the gravels. The angular unconformity shown in a long exposure 
of the cliff can be interpreted only as the result of erosion preceding 
the deposition of the gravels. 

The gravel deposits resting upon the eroded Virgin Valley Beds 
consist almost entirely of large, well-rounded rhyolite fragments 
ranging up to more than two feet in diameter. The rhyolite closely 
resembles some of the flows in the formation forming the rim of 
Virgin Valley. A very few well-rounded pebbles of basaltic lava 
were obtained. Mr. Heindl, who has examined this basalt, finds it 
very different from the Mesa Basalt. While basaltic pebbles are 
rare in the mass of these gravels, large blocks from the basalt capping 
of the mesa near by are found resting on the top of the gravel beds. 

The unconformity of the rhyolitic gravels on the Virgin Valley 
Beds might be interpreted as meaning that it represents a stage of 
accumulation in a valley cut after the period of the Mesa Basalt 
flow. On the other hand it is noted that basaltic pebbles are quite 
rare in the rhyolitic gravels, while large masses of basalt from the 
edge of the mesa are found resting upon the top of these gravels. 
The edge of the basalt covering the mesa is near at hand, while the 
flows from which the rhyolite pebbles have been largely derived are 
much farther removed. It is moreover not probable that the few 
basaltic pebbles in the gravel are derived from the Mesa Basalt, 
and basaltic flows are presumably associated with the rhyolites 
below the Virgin Valley Beds. This evidence seems to show that 
the accumulation of the gravels occurred before the Mesa Basalt 
flow, otherwise there should be at least as large a percentage of 
fragments derived from the mesa cap as we find in other deposits 
known to have formed during the cutting of the present cafion. 

The suggestion that the rhyolitic gravels accumulated at an early 
resting stage in the cutting of the present valley is probably further 
negatived by the presence of numerous large land-slides between 
these gravel beds and the present bed of Virgin Creek. If at an 
early stage in its history, the main stream had occupied the position 
in which the gravels are now situated, it must since then have cut 
to the south and east across the present valley. If this had occurred, 
the numerous remnants of slides from the mesa wall, which lie 
_ between the rhyolitic gravels and the present stream, would neces- 
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sarily have been removed. As a possible alternative the slides 
might be supposed to have travelled across the rhyolitic gravels 
and down into their present positions. This is certainly a violent 
assumption, as the slides are now separated from the mesa by one 
or two miles of relatively flat territory. 

The weight of evidence seems to indicate that the rhyolitic gravels 
were deposited after a short stage of erosion which occurred during 
the general period of sedimentation characterized as the Virgin 
Valley epoch. This theory receives support from an observation 
by Mr. Furlong, who has noted the occurrence of beds of gravel 
and boulders in the face of some of the exposures of the Virgin 
Valley Beds one or two miles north of the main occurrence of the 
gravels. The exposures observed by Furlong were at about the 
same general level below the mesa as the main outcrop of the 
rhyolitic gravels. The gravel and boulders were interbedded with 
the ash strata, and as nearly as the writer can judge from Furlong’s 
description they were of much the same nature as the main rhyolitic 
gravel outcrops. 


Thousand Creek Beds 


In the region immediately to the east of Thousand Creek Ridge 
there are extensive exposures of mammal-bearing beds bordering 
the basin known as Thousand Creek Flats. Large outcrops of these 
beds are present along the eastern base of Thousand Creek Ridge, 
and similar beds reach for many miles north from Thousand Creek. 
A long, narrow, lava-capped mesa known as Railroad Ridge extend- 
ing nearly north and south for six or seven miles into the Thousand 
Creek basin is composed of similar beds (pl. 2 and text fig. 5). To 
the north of the Thousand Creek basin, near a prominent point 
known as Oregon End, the sedimentary series of Thousand Creek 
Flats apparently extends under a mesa which corresponds in general 
to the table-lands in the Virgin Valley region. The capping of this 
mesa is similar to the Mesa Basalt in Virgin Valley. On the north- 
western border of the basin large outcrops of ashy beds, apparently 
representing the later Virgin Valley Beds, are visible beneath the 
basalt cap. To the east of Thousand Creek Flats the mammal beds 
come in contact with the upper portion of the Pueblo Range Series. 
The mammal beds here seem to extend in nearly horizontal position | 
over to the contact with the rather steeply inclined upper beds of | 
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the Pueblo Range Series, so that the relation of the two groups of 
beds is apparently one of unconformity. 

The principal exposures near Thousand Creek consist of tufaceous 
beds, ashes, and sands, ranging from white to red and dark brown. 
Many of the strata presumably represent ancient soil accumulations 
much like that covering the floor of the valley at the present time. 
Distinctly sandy layers appear a short distance below the top of the 
section at the northern end of the basin, and also in the beds at the 
southern extremity near Thousand Creek Ridge. A layer of white 
to gray ash, one to two feet thick, is exposed low in the section near 
Thousand Creek Ridge, and one is also seen in the beds at the north- 
ern end of the basin. The two may represent the same horizon, 
but they have not been traced through the series of exposures. 
Beds of gravel of considerable extent are also present. In some 


instances the gravels may represent terrace deposits of more recent 


age than the principal exposures of mammal beds in the basin. 
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Fig. 5. Section along the C-D line on plate 2, showing section from Thousand Creek 
Ridge to Railroad Ridge. 


Both the southern and northern exposures in Thousand Creek 
basin are truncated by a terrace or mesa having approximately the 
same level as the top of Railroad Ridge. An exception to this is 
seen in a prominent hill which rises above this table and above 
Railroad Ridge in the northern exposures. 

Around the borders of Thousand Creek Flats there are several 
distinct terraces which are much below the level of the Railroad 
Ridge mesa, and are evidently of late Pleistocene age. They are 
shown in the broad flats situated just south of Railroad Ridge. 
This bench is about sixty feet above the present level of the stream 
bed and is apparently underlaid in a large part by undisturbed 
mammal beds. ) 

The Thousand Creek Beds are in general approximately hori- 
zontal, or dip slightly toward the southwest; that is, toward Thou- 
sand Creek Ridge. In the exposures at the northern end of the 
section the strata are noticeably tilted, and the dip does not appear 
to be conformable with the plane of the terrace or mesa above. 
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The nature of the beds exposed in Thousand Creek basin is in a 
general way similar to that of the sedimentary formation in Virgin 
Valley, though it does not repeat the characters of any particular 
portion of the Virgin Valley section. Possibly more sandy strata 
have been seen in the Thousand Creek section than were actually 
noted in the beds in Virgin Valley. If the Thousand Creek expo- 
sures represent the same epoch of deposition as those of Virgin 
Valley, it is evident from the contained fauna that they must corre- 
spond to the upper portion of the Virgin Valley Beds rather than 
to the lower portion of that section. 

So far as known, the mammal collections from the beds around 
Thousand Creek Flats all seem to represent one fauna, with the 
possible exception of a few remains obtained from deposits which 
occur on some of the lower terrace levels in the valley. The few 
specimens obtained from the terraces seem to represent a member of 
the horse group very near in its characters to the Quaternary genus 
Equus, whereas the other horse remains from the Thousand Creek 
exposures certainly represent an older group. As the remains 
from the terraces are fragmentary, it is possible that they do not 
actually represent forms very different from the other specimens, 
which are better preserved. It is also not at all certain that the 
deposits below the apparent terrace levels are distinct from the other 
Thousand Creek exposures. 

With the exception of the possible Quaternary remains from 
Thousand Creek, the mammalian fauna which is found widely 
spread in the exposures of this region represents a stage of the late 
Tertiary, but apparently not the very latest portion of the Tertiary. 

In comparing the fauna of Thousand Creek with that of the 
Virgin Valley Beds, there are found to be a few species common 
to the two; but by far the greater number of the species, and even 
of the genera, are different. In most respects in which it is possible 


to make a comparison, the Thousand Creek forms are more ad- 


vanced or more specialized than those of Virgin Valley. Judging 
by the fact that a few species are common to the two faunas, there 
is reason for considering them as not widely separated in time. On 
the other hand, it is difficult to place them in the same epoch, and it 
is evident that the Thousand Creek fauna is the later one. 

A summing up of the evidence presented by the Thousand Creek 
fauna with reference to the age in relation to that of the other 
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formations of this region shows the following points: (1) The Thou- 
sand Creek fauna is of late Tertiary age; (2) It is later than the 
fauna obtained from the lower and middle Virgin Valley Beds; (3) 
It was not widely separated in time from the known Virgin Valley 
fauna, as there are a few mammalian species common to the two. 

Although resembling the Virgin Valley Beds in a general way, it is 
evident from their contained fauna that the wide extent of exposures 
in which collections of fossil mammals have been made in the Thou- 
sand Creek region cannot represent the lower or middle portion of 
the section in Virgin Valley, in which the typical Virgin Valley 
fauna has been found. Unfortunately almost nothing is known of 
the fauna from the uppermost portion of the Virgin Valley section, 
possibly because the steep exposures immediately below the basaltic 
capping present a collecting area relatively much smaller than that 
representing the lower horizons. It is therefore necessary to reckon 
with the possibility that the exposures at Thousand Creek represent 
the upper portion of the Virgin Valley section. 

If the Thousand Creek exposures be held to represent the upper- 
most portion of the Virgin Valley section, the present position of the 
beds in the western part of the Thousand Creek region could be 
accounted for only on the assumption of very extensive faulting 
along Thousand Creek Ridge. The fossiliferous beds immediately 
east of this ridge are now at least a thousand feet lower than the 
uppermost beds in Virgin Valley, while the drop of the mesa cap 
east of the fault-line along Thousand Creek Ridge to the north 
amounts only to a little more than four hundred feet, which is not 
sufficient to account for more than half of the difference in position, 
even when original slope of the land and possible recent tilting of the 
whole region to the east are considered. 

The Railroad Ridge mesa, which contains some of the important 
deposits of the Thousand Creek region, is capped with a basaltic 
lava which is considered by Professor G. D. Louderback and Mr. 
E. L. Ickes, who have examined it, as representing the same type of 
rock as that in the Mesa Basalt. The capping of Railroad Ridge 
is about four hundred feet lower than that portion of the main mesa 
to the north, which has been faulted down to the east of the Thou- 
sand Creek Ridge fault. There is therefore some reason for con- 
sidering that Railroad Ridge, and presumably the mammal beds 
exposed near it, belong to a block which has dropped very far below 
its original level. 
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Mr. Heindl, who has examined the section of Railroad Ridge 
(see fig. 5, p. 941), finds the uppermost beds composed of very coarse 
gravels consisting of pebbles of rhyolite, basalt and obsidian, and 
has suggested that this ridge represents an ancient lava-filled river 
bed. The course of the ridge runs out from the vicinity of the 
existing cafion of Thousand Creek, and would suggest a drainage 
passing near the line of the existing cafion (see pl. 2). If the river 
bed was present immediately before the outpouring of the Mesa 
Basalt and before the later movements along the Thousand Creek 
fault, this portion of the lava flow might be presumed to have re- 
sisted erosion longer than the adjoining portions owing to the origi- 
nal greater thickness of the lava over the channel of the old stream. 

The idea that the Railroad Ridge lava represents the basalt 
filling of an old river bed also suggests that the Thousand Creek 
Beds might have accumulated in part from erosion of the western 
fault block previous to the outpouring of the Mesa Basalt. If 
extensive movement occurred along the Thousand Creek fault line 
before the outflow of the Mesa Basalt, accumulation may have 
taken place to the east of this line. During the time of such accu- 
mulation probably no deposits would be formed over the Virgin 
Valley region. Unless the whole region were reduced to the same 
level following such differential movement, one would expect to 
find the Mesa Basalt accumulating to much greater thickness east 


of the fault line, which is not clearly shown. A movement in pre-_ 
Mesa Basalt time, such as is suggested here, would presumably not | 


result in more than a relative thickening of the beds to the east of 
the fault line, and possibly in a temporary interruption of sedi- 
mentation over the block west of the fault line. 

Another possible explanation of the Railroad Ridge gravels, and 
of the Thousand Creek Beds in part or as a whole, is that they have 
been derived from the wash of Thousand Creek or other similar 
streams during the cutting of Virgin Valley. As a rough estimate, 
we may consider that at least ten cubic miles of rock have been 
carried out of Virgin Valley since the initiation of the cutting of the 
present valley. As nearly as one may judge, the distance to which 
this material could have been carried was short, and it could have 
been deposited over only asmallarea. It is therefore not improbable 
that some part of this material may have been deposited on the east 
side of Thousand Creek Ridge, particularly after the faulting move- 
ments occurred along the line of this ridge. 
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According to the hypothesis just suggested, it would be necessary 
to consider either that the Thousand Creek Beds have been lowered 
_by faulting since their deposition, or that they were accumulated 
very late in the history of the cutting of Virgin Valley. The beds 
forming Railroad Ridge are now far below the top of the mesa in 
Virgin Valley, and we can hardly imagine them as derived from the 
first sediment washed out in the cutting of the uppermost strata 
of the Virgin Valley Beds a few miles away and deposited in their 
present position. Without considering that differential movement 
has changed the position of these beds in relation to the Virgin 
Valley Beds since their deposition, it would be necessary to suppose 
the Thousand Creek Beds formed from sediment obtained during 
the cutting of the lower or later portion of Virgin Valley. 

The possibilities as to age of the Thousand Creek Beds with rela- 
tion to the Virgin Valley Beds appear to be as follows: (1) They 
represent a portion of the Virgin Valley Beds faulted down into 
their present position. (2) They are younger than the Virgin 
Valley Beds, but older than the Mesa Basalt, and have been moved 
down by faulting. (3) They represent an accumulation formed of 
the older wash derived from the post-Mesa-Basalt erosion of the 
existing valleys of Virgin Creek and Beet Creek, or other similar 
drainage, and have since their accumulation been dropped by 
faulting. (4) They represent an accumulation of sediment laid 
down during the period of erosion of the lower or younger portions 
of these valleys. (5) They are not a stratigraphic unit, and may be 
partly of the age of the Virgin Valley Beds and partly later. 

Without more detailed geologic information than it has been 
possible to obtain, it is not entirely clear as to which of these pos- 
sibilities corresponds to the actual history. 

The first possibility has much in its favor, vz., that the Thousand 
Creek Beds represent a series of deposits which are comparable to 
the late Virgin Valley Beds and have been faulted down to their 
present position. ; 

The second case suggests a situation which is a possibility, though 
the evidence does not seem to indicate definitely that this has been 
the mode of accumulation of these beds. 

According to the third and fourth possibilities, viz., that the 
Thousand Creek Beds represent an accumulation of wash carried 
out in the excavation of Virgin Valley and other valleys of approxi- 
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mately the same age, it must be presumed that the beginning excava- 
tion of Virgin Valley occurred a considerable time before the close 
of the Tertiary, as the Thousand Creek fauna antedates the end of 
the Tertiary. It would then be necessary to consider that the 
comparatively thin sheet of Mesa Basalt has been able to protect 
the Virgin Valley Beds beneath it from erosion through the whole of 
the Pleistocene and a part of Pliocene time, unless some later forma- 
tion has in turn protected the Mesa Basalt. It seems improbable 
that the Mesa Basalt has been covered by considerable deposits of 
any kind, as the large level stretches now exposed appear to be en- 
tirely bare. 

There is strong evidence against the suggestion that the Thousand 
Creek Beds represent an accumulation of the latest wash from Thou- 
sand Creek and other similar drainage, as this would increase the 
length of the period back to the initiation of the first cutting through 
the Mesa Basalt. The strongest argument in favor of relatively late 
age of the Thousand Creek Beds is obtained by Heindl’s study of 
the Railroad Ridge lava, and by his discovery of a basalt pebble in 
the gravel immediately under the lava. The basalt pebble from 
the gravels below the lava is considerably decomposed, but seems 
to be rather nearer the type of the Mesa Basalt than it is to that of 
the older Pueblo Range lavas. Heindl has also called attention to 
the fact that the Railroad Ridge lava is not broken up as it might be 
if it were a block which had been dropped a considerable distance. 
In the absence of well preserved material, the basalt pebble from 
below the lava is hardly sufficient evidence to prove that the Rail- 
road Ridge lava is a flow of later age than the Mesa Basalt. The 
lack of disturbance of the Railroad Ridge lava does not necessarily 
indicate that this block has not been moved, though minor dis- 
turbance might naturally be expected. 

Judging from the evidence of the fauna, it seems probable that 
the Thousand Creek exposures represent in the main a single period 
of deposition. Upon the lower terraces bordering the valley there 
may be Pleistocene deposits with a fauna containing Eguus. Such 
deposits, if they occur, are apparently not thick, and their presence 
would hardly confuse the problem as to the age of the great extent 
of exposures with a late Tertiary fauna. 

It is very desirable that more evidence be obtained relative to the 
purely geologic history of the beds at Thousand Creek. A deter- 
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mination of the exact geologic position of these beds may depend 
finally upon a study of the fauna, but from the standpoint of the 
palaeontologist it is most desirable to have the evidence of sequence 
of faunas based upon stratigraphic succession. 


High Rock Canon Exposures 


About thirty miles southwest of Virgin Valley a number of expo- 
sures were found to contain a fauna similar to that of the Virgin 
Valley Beds. The localities at which collections were made are 
near High Rock Cafion and Little High Rock Cafion (see pl. 1). 

The beds in which the mammalian remains were obtained consist 
of ashy or tufaceous materials resembling some of the exposures in 
Virgin Valley. The region bordering the valley in which the mam- 
mal beds appear is largely lava-covered, and according to Heindl 
and Furlong the fossil beds appear to dip under the lavas at some 
localities. Whether the apparent position of the lava over the 
mammal beds is an original stratigraphic relation is uncertain, as 
there is considerable faulting in this region. The nature of thelavas 
here is not certainly known, but a rhyolite seems to form the greater 
part of the outcrops. A further study of this region is desirable. 

During the period in which the Virgin Valley Beds were being 
deposited there was probably more or less accumulation of similar 
materials over a wide area in this region. The deposits laid down 
at this time may have formed extensive continuous sheets in some 
localities. In this particular place accumulation may have taken 
place in small separated basins formed through faulting. 


Physical Conditions Obtaining during Deposition of Virgin Valley 
and Thousand Creek Beds 


The sedimentary deposits, and the fossil remains which have been 
found in them at Virgin Valley, show that there was some variation 
in the physical conditions obtaining in this region in late Tertiary 
time. During the deposition of a portion of the lower beds in 
Virgin Valley, swampy or moist ground covered a considerable area, 
and thin lignitic deposits were formed. Particularly during the 
deposition of the middle portion of the Virgin Valley Beds, there was 
a partial forestation of the region, as is evidenced by the abundant 
petrified remains of large trees preserved in these strata. The 
mammalian fauna of the Virgin Valley Beds is in general that of a 
fairly open country. 
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In the Thousand Creek Beds, representing a later period than the 
lower portion of the Virgin Valley section, no evidence of lignitic 
deposits like those of Virgin Valley has been noted. During this 
epoch the mammalian fauna included many forms which are com- 
monly found on open plains, as antelopes, camels, horses, and rhi- 
noceroses. It is probable that at this time the conditions here were 
not greatly different from those obtaining in the less arid areas of 
the northern part of the Great Basin at the present day. 


Summary of Principal Events in the Geologic History of the Virgin 
Valley Region 


Following is the succession of principal events in the depositional 
and erosional history of the Virgin Valley region. The Thousand 
Creek Beds have been omitted from this scheme, as their position 
in the column is largely determined by palaeontologic data which 
are naturally presented in the second part of this paper. As the 
geologic studies presented here have been undertaken for the pur- 
pose of assisting in an understanding of the history of mammalian 
life, in the following table the evidence used is that obtained without 
the aid of palaeontology. In the general discussion of age and re- 
lationships of the faunas, which will appear in Part II of this paper, 
the evidence of age has been assembled from all sources. , 


Terrace formations. Terracing, and accumulation of gravels in later history 
of Virgin Valley. 

Cafion cutting Cutting of Virgin Valley to depth of nearly 1500 ft. 

Mesa Basalt Outpouring of wide-spread but thin sheet of basalt. 

Virgin Valley Beds Accumulation of at least 1500 ft. of ash, tuff, and car- 
bonaceous shale. 

Epoch of erosion Erosion probably accompanied by faulting. 

Pueblo Range Series Accumulation of much more than 1000 ft. of basalt, 
tuff, and rhyolite. Rhyolite following basalt. 


With reference to the age or correlation of the formations in- 
cluded in this list, the following opinions have been expressed: 


Merriam. 1907. Miocene; upper beds not older than 
Mascall Beds of John Day region; lower beds Mio- 
Virgin Valley Beds cene, but may represent a different phase. 
Gidley.” 1908. Middle or lower Miocene; not newer, 
and may be older than Mascall Beds. 


“Op. cit., p. 382. 1907. 
6 Op. cit., p. 242. 1908. 
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Blake. 1875. Early Miocene. 

Merriam.’ 1907. Cafion Rhyolite of Virgin Valley 
superficially resembles a part of the Clarno Eocene 
series of the John Day region. 

Pueblo Range Series, Waring.!® 1909. The lava series forming a large part 
of Steens Mountain is correlated by Waring with 
the Columbia River basalt (Miocene). The Steens 
Mountain lavas are presumably the same as the 


Pueblo Range Series. 
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Outline map showing situation of the Tertiary mammal-bearing beds of northwestern Nevada 
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Fic. 1. Thousand Creek Ridge, and eastern entrance to Thousand Creek Cafion, 
showing fault scarp and prominent exposures of Cafion Rhyolite. 


Fic. 2. Thousand Creek Cafion seen from the western or Virgin Valley side. 


Thousand Creek Ridge in background composed of Cafion Rhyolite. Virgin Valley 
Beds in foreground. 
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Fic. 1. East end of mesa between valleys of Virgin Creek and Beet Creek, show- 
ing large blocks recently moved down from top of mesa. 


Fic. 2. Much disturbed masses of Virgin Valley Beds with lava capping. Pre- 
sumably representing old slides. Northwest side of valley of Virgin Creek. 
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Exposure of Thousand Creek Beds. Northern portion of Thousand Creek basin. 


TERTIARY MAMMAL BEDS OF VIRGIN VALLEY AND 
THOUSAND CREEK IN NORTH- 
WESTERN NEVADA 


PART II. VERTEBRATE FAUNAS 
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INTRODUCTION 


N A recent publication,! of which the present paper is considered 
as Part II, the writer has discussed the general features of the 
formations in the geologic section containing mammal-bearing 

beds in the region of Virgin Valley and Thousand Creek in north- 
western Nevada. The present paper presents such evidence as is 
available regarding the vertebrate faunas obtained from the Virgin 
Valley and Thousand Creek formations. An attempt is also made 
to determine the approximate age of the faunas by use of both 
palaeontologic and geologic criteria of correlation. 


1 Merriam, J. C., Tertiary Mammal Beds of Virgin Valley and Thousand Creek in North- 
western Nevada, part I, Univ. Calif. Publ. Bull. Dept. Geol., vol. 6, pp. 21-53, 1910. 
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A short list of the most characteristic forms in the fauna of Virgin 
Valley was published by Merriam? in 1907. In 1906 Gidley? dis- 
cussed a number of the most characteristic ungulate species from 
the collections of the University of California. In 1910 Furlong‘ 
described a peculiar aplodont rodent from Virgin Valley, this form 
being the earliest known representative of the true aplodonts. Ina 
recent paper Miss Louise Kellogg’ has presented a description of the 
entire representation of the rodent group in the formations of Virgin 
Valley and Thousand Creek. Excepting the papers just mentioned, 
so far as the writer is aware, there are no published references to the 
vertebrate fauna of this region. 

Although the collections from Virgin Valley and Thousand Creek 
furnish a most interesting representation of the mammalian fauna 
which inhabited these regions in late Tertiary time, the number of 
specimens obtained is relatively small compared with the collections 
which are commonly brought together in most of the series of 
mammal beds which have been investigated in this country. In 
Virgin Valley the number of localities where even fragments of bone 
are common is small. In the Thousand Creek Basin loose bones are 
quite abundant in many places. 

In all of the exposures visited in this region the material consists 
almost entirely of scattered remains. Neither complete skeletons 
nor skulls could be obtained, though most careful search was made 
for them. Even when specimens were obtained in place in the rock 
they were found to consist entirely of isolated parts. There seems 
to be no question but that the bones were generally widely scattered, 
and usually in an advanced stage of disintegration before they were 
finally buried, which may be interpreted as a suggestion that the 
deposits represent in a large part dry land accumulations rather 
than those formed in lakes or swamps. 

In the first publication of results of the work in the mammal-bear- 
ing beds of northwestern Nevada, the faunas of Virgin Valley and 
Thousand Creek were referred to collectively under the name of 
Virgin Valley fauna. More recent study has shown that the faunas 
of the formations at Virgin Valley and Thousand Creek are very 


2 Merriam, J. C., Science, n. s., vol. 26, pp. 380-382, Sept. 20, 1907. 

3 Gidley, J. W., Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, pp. 235-242, 1908. 

4 Furlong, E. L., Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, pp. 397-403, 1910. 

5 Kellogg, Miss Louise, Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, pp. 421-437, 1910. 
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different, and it is desirable to consider them separately before 
entering upon a discussion of their relative age. 

After completion of the following paper it was the writer’s privi- 
lege to compare the fauna here described with the most nearly 
related forms represented in other museums. For the free use of 
specimens desired for comparison, and for courtesies extended in 
the course of this examination, the writer is particularly indebted 
to Mr. J. W. Gidley and Mr. C. W. Gilmore of the National Mu- 
seum; to Professor Henry F. Osborn, Dr. W. D. Matthew, and Mr. 
Walter Granger, of the American Museum of Natural History; 
and to Dr. W. J. Holland of the Carnegie Museum. 

All of the drawings used in illustration of this paper were prepared 
by Mrs. Louise Nash. 


FAUNA OF THE VIRGIN VALLEY BEDS 


Occurrence and Composition—The section exposed in Virgin 
Valley has been more or less arbitrarily subdivided as follows: 


Upper Zone. White to buff beds. Ashes and diatoma- 


Ane ; 
Ce a |Upper Virgin Valley: 


Unconformity ° 
Middle Zone. Gray to yellow and brown shales and clays. 
Carbonaceous shales, lignites, diatoma- 
ceous beds. Lower Virgin Valley? 
Lower Zone. White to green, purple, and red clays and 
ashes. 


The zones as indicated above are not sharply defined, but where 
the attempt has been made to trace them they seem to be fairly 
persistent. Careful mapping of these horizons throughout the 
valley is desirable. 

No mammalian remains have been found in Virgin Valley in 
characteristic beds of the lower zone, and only imperfect fragments 
were found in that portion of the section above the horizon at which 
an unconformity appears between the rhyolitic gravels and the 
underlying fine-grained beds. 

Locality 1065, on the south side of the valley of Virgin Creek, 
the original locality at which mammalian fossils were found by 
McGhee, is immediately below the carbonaceous shales of the middle 


§ Merriam, J. C., op. cit., part I, pp. 36, 43, and pl. 8. 
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division; while locality 1091 on the west side of Beet Creek is a 
considerable distance above the carbonaceous shales. Most of the 
other localities at which collections have been made in Virgin 
Valley would probably fall within the limits of vertical range marked 
by these two localities. Mapping of the faunal and lithologic zones 
of the Virgin Valley Beds will probably show that the principal fossil 
horizons fall within a zone only a few hundred feet in thickness 
situated near the middle of the section. Other fossiliferous beds 
are naturally to be expected both above and below this horizon. 

The complete list of mammalian species obtained from all of the 
localities in the Virgin Valley Beds is as follows: 


Fauna or VirGIN VALLEY BEDS 
Reptilia. 
Clemmys, sp. 


Carnivora. 
Tephrocyon kelloggi, n. sp. 
Tephrocyon(?), compare rurestris (Condon). 
Tephrocyon(?), sp. a. 
Aelurodon(?), sp. 
Probassariscus antiquus matthewi, n. gen. © n vat 
Felis, sp. ? 


Rodentia. 
A plodontia alexandrae Furlong. 
Mylagaulus monodon Cope. 
Mylagaulus pristinus Douglass 
Palaeolagus nevadensis Kellogg. 
Lepus vetus Kellogg. 


Ungulata. 
Hypohippus, near osborni Gidley. 
Parahippus, compare avus (Marsh). 
Merychippus isonesus (Cope). 
Aphelops(?) sp. 
Moropus(?), sp. 
Mastodon (Tetrabelodon ?, sp.). 
Merychyus(?), sp. 
Camel, near Procamelus. 
Thinohyus(?), sp. 
Blastomeryx mollis, n. sp. 
Dromomeryx(?), sp. a, near borealis (Cope). 
Dromomeryx, sp. 6. 
Merycodus, near furcatus (Leidy). 
Merycodus nevadensts, n. sp. 
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The largest collection brought together at any one locality is that 
from the exposure discovered by McGhee, which probably represents 
the lowest horizon from which any considerable amount of material 
was collected. The following forms were obtained at this locality: 


Lowest Mammat Beps 1n Vircin VaLiey, Locarity 1065 


Tephrocyon kelloggi, n. sp. 
Mylagaulus monodon Cope. 
Palaeolagus nevadensis Kellogg. 
Lepus vetus Kellogg. 
Hypohippus, near osborni Gidley. 
Merychippus isonesus (Cope). 
Aphelops(?), sp. 

Moropus (?), sp. 

Blastomeryx mollis, n. sp. 
Dromomeryx, sp. a4, near borealis (Cope). 
Merycodus, near furcatus (Leidy). 
Mastodon (Tetrabelodon ?, sp.). 


Camel, near Procamelus. 


Nearly all of the species from this locality are found also at other 
places and presumably at other horizons. The only form not known 
elsewhere 1s Palaeolagus, represented by a single specimen. The 
relative abundance of material at this place would make probable 
the discovery here of some of the rarer forms. At other localities 
considered as higher in the section than no. 1065 the species are 
largely the same as at this horizon. With these are a few rare 
forms, as Merychyus and Thinohyus (?), known by only one or two 
specimens, and representing groups typical of horizons much older 
than the lowest Virgin Valley beds are presumed to be, so that there 
is reason to believe that they were present during the deposition of 
the lowest mammal-bearing beds, but are sufficiently rare to have 
escaped observation in collecting thus far. The only other im- 
portant forms not known in the lowest horizon are 4plodontia and 
Probassariscus, each known by a single specimen. The specimen 
of Aplodontia is doubtfully higher in the section than the beds at 
locality 1065. Probassariscus was presumably a little higher. 

From the above statement it appears that the fauna of the various 
localities in Virgin Valley is practically a unit, and may be con- 
sidered collectively in any attempt at correlation. 

Faunal Relationships——The closest relationship of the Virgin 
Valley fauna seems to be with that of the Mascall Beds of Oregon 
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and of the Pawnee Creek Beds of Colorado. The Snake Creek 
Beds of Nebraska contain a larger percentage of the Virgin Valley 
species than either the Mascall or Pawnee Creek, but there seems, 
nevertheless, good reason for considering the relationship with the 
other faunas as closer. 

The ungulate fauna of Virgin Valley fauna resembles that of the 
Mascall in the presence of Hypohippus, Parahippus, Merychippus, 
and Dromomeryx; and in the persistence of at least one oreodont 
(Merychyus?). The brachyodont horse Hypohippus has not been 
known from the typical locality of the Mascall, but has recently 
been noted by the writer in Mascall collections from the Crooked 
River region, south of the Blue Mountains in Oregon. At the type 
locality of the Mascall one other horse with short-crowned cheek- 
teeth (Archaecohippus) is represented. Merychippus is the most 
common horse in both the Virgin Valley and the Mascall, and Plio- 
hippus is apparently absent from both faunas. The Pliohippus 
specimens reported from the Mascall are doubtful. Tephrocyon, 
the most characteristic carnivore of Virgin Valley, and Mylagaulus, 
the most characteristic rodent, are both included in the Mascall 
fauna. 

With Pawnee Creek the Virgin Valley ungulate fauna has a large 
percentage of forms in common. In both faunas Hypohippus, 
Parahippus, and Merychippus are present without accompanying 


Pliohippus. The genera Moropus, Merychyus, Blastomeryx and — 


Merycodus appear in both, while the rhinoceroses, mastodons and 
camels are suspiciously similar. Mylagaulus appears in both faunas, 
and some of the Pawnee Creek canids are doubtfully referred to 
Tephrocyon. 

The fauna of the Snake Creek Beds of western Nebraska shows a 
remarkable similarity to that of Virgin Valley, a larger percentage 
of Virgin Valley species being found in the Snake Creek fauna than 
in any other assemblage of forms known to the writer. Particularly 
noticeable is the practical identity of several of the carnivore forms 
as Tephrocyon, Felis, and Probassariscus. The Virgin Valley 
Probassariscus differs from that of Snake Creek so slightly that the 
distinction may not be considered as of more than subspecific value. 
The deer-like forms Dromomeryx, Blastomeryx, and Merycodus 
appear in both faunas. Among the horses Hypohippus, Parahippus, 


and Merychippus are common to the two, but the abundance of | 
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more advanced forms of the Neohipparion and Protohippus types 
indicate that the Snake Creek fauna must represent a stage con- 
siderably later than that of Virgin Valley. The difference between 
the two faunas presumably corresponds to a time interval about as 
long as that represented by the Upper Miocene, but is probably not 
longer than that division. 

Determined according to the range of mammalian genera in North 
America, the Virgin Valley fauna must be considered as Middle 
Miocene. The generic types represented are those commonly 
found in the middle and upper divisions of the Miocene. The Lower 
Miocene is excluded by the advanced stage of development of the 
horses represented in Hypohippus and Merychippus, the extreme 
rarity of oreodonts, and the presence of advanced deer-like forms 
such as Dromomeryx and Merycodus. The presence of Moropus 
with a Thinohyus-like form and the absence of Pliohippus indicate a 
stage earlier than Upper Miocene. About equal numbers of upper 
and lower Miocene genera are present, but the Middle Miocene 
character of the fauna is indicated by the abundance of Hypohippus 
and Merychippus with the entire exclusion of any forms of the 
Pliohippus or Protohippus type. 

Relation of Virgin Valley Fauna to its Environment.—The greater 
part of the mammalian material from Virgin Valley was obtained 
in the zone which includes the carbonaceous shales and lignite 
deposits. In this zone diatomaceous deposits are well developed, 
and fragmentary fish remains are occasionally found. Fossil wood 
of large conifer-like trees is abundant at many localities in this 
portion of the section. The nature of the deposit in general indi- 
cates that moist ground, swamps, and possibly even considerable 
bodies of water existed in this region during the period in which the 
typical Virgin Valley fauna flourished. Concerning the nature of 
the vegetation we know as yet comparatively little, as most of the 
remains obtained were imperfectly preserved. The plant specimens 
from the carbonaceous shales include rushes, willows, and a number 
of other forms not determined. 

The nature of the deposits and of the contained remains in the 
principal mammal-bearing zone of the Virgin Valley Beds does not 
necessarily indicate that conditions were then entirely different 
from those obtaining in this region at the present time. Large 
marshy areas and lakes of considerable size existing today in the 
northern Basin region are the habitat of abundant plant and animal 
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life, while the most arid conditions may obtain only a few hundred 
yards from the water. Considering, however, the general per- 
sistence of moist conditions, and the nature of the vegetation indi- 
cated in this section, the weight of evidence indicates that the 
climate was more humid and somewhat warmer than at present. 
The vegetation suggests also that the altitude was probably less 
than 5000 feet, which is now approximately the level of the mammal 
zone in Virgin Valley. 

As nearly as can be judged from our present knowledge, the 
Virgin Valley Beds were laid down over a region in which faulting 
had already produced a certain degree of relief. As the deposition 
progressed, the irregularities of topography were gradually smoothed 
over by filling in of the depressions, until plains or shallow lakes of 
wide extent had been developed. 

The nature of the mammalian fauna occupying the Virgin Valley 
region in Middle Miocene time accords well with what one might 
expect in such an environment. Probassariscus among the carni- 
vores, 4plodontia of the rodents, and the brachyodont Hypohippus 
of the ungulates suggest a region containing wooded areas. Mery- 
chippus and Merycodus, with long-crowned grazing teeth, suggest 
the open plains. As nearly as we can determine, both kinds of 
environment were available, and in localities so near together that 
remains representing the two types of faunas might readily be 
mingled in accumulations forming over the lowest areas of the 
region. 


Fauna or HicH Rock Canon anp LitrLteE HichH Rock CaNon 


The exposures at High Rock Cafion and Little High Rock Cafion 
resemble those of Virgin Valley in many respects. The collections 
made at these localities comprise the following forms: 


Hicu Rock Canon LitrrtLeE Hico Rock CAaNon 


Tephrocyon(?), compare rurestris (Condon). Moropus(?), sp. 
Tephrocyon(?), sp. a. 

Aelurodon(?), sp. 

Merychippus isonesus (Cope). 

Merychippus, near seversus (Cope). 

Aphelops(?), sp. 

Moropus(?), sp. 

Mastodon (Tetrabelodon ?, sp.). 

Blastomeryx mollis, n. sp. 

Merycodus nevadensis, n. sp. 


—— 
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The affinities of this fauna with that known from Virgin Valley 
are close enough to indicate that the beds near High Rock Cafion 
probably represent the same epoch as the mammal beds of Virgin 
Valley. 


FAUNA OF THE THOUSAND CREEK BeEpDSs 


Occurrence and Composition—The beds at Thousand Creek 
stretch over a territory many miles in extent, but the sections exam- 
ined thus far are not more than a few hundred feet in thickness. 
The basal strata have not been seen in these exposures. As these 
beds seem to extend a considerable distance to the north beyond 
the farthest point thus far examined, it is possible that still lower 
horizons may yet be found. 

The nature of the formation does not vary greatly throughout the 
region as a whole, and the strata are generally horizontal or only 
slightly inclined. There are a few well-marked beds which with 
careful work might be traced and mapped for a considerable dis- 
stance. A sharply defined stratum of white to gray ash in the 
northern part of the basin resembles an ash layer at the southern 
end of the field so closely as to suggest their representing the same 
horizon. 

Around the border of the Thousand Creek Flats there are several 
terraces evidently formed in late Pleistocene time. The possibility 
of Pleistocene deposits occurring on these terraces and being con- 
fused with an older formation was considered in the field. With 
the exception of one or two cases, which are especially considered 
under the discussion of the fauna, the exposures in which collections 
were obtained could not be separated from the pre-Pleistocene 
formation here referred to as the Thousand Creek Beds. 

Mammalian fossils have been found in most of the exposures in 
this region, though they are comparatively rare at some places. A 
complete list of the species from the localities about the Thousand 
Creek Basin is as follows: 


Fauna OF THOUSAND CREEK BEDS 
Reptilia. 
Ophidian remains 


Aves. 
Branta, sp. 


Insectivora. 
Scapanus(?), sp. 
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Carnivora. 
Tephrocyon, near kelloggi, n. sp. 
Canis(?) davist, n. sp. 
Ursus(?), sp. 
Mustela furlongi, n. sp. 
Mustelid, indet. 
Felis, sp. a. 
Felis, sp. 6. 


Rodentia. 
Arctomys nevadensis Kellogg. 
Arctomys minor Kellogg. 
Citellus, sp. 
Aplodontia alexandrae Furlong. 
Mylagaulus monodon Cope. 
Dipotdes, sp. 
Eucastor lecontei (Merriam)?. 
Entoptychus minimus Kellogg. 
Peromyscus antiquus Kellogg. 
Peromyscus(?), sp. 
Diprionomys parous Kellogg. 
Diprionomys magnus Kellogg. 
Lepus vetus Kellogg. 


Ungulata. 
Phohippus(?), sp. 
Equus(?), sp. 
Teleoceras(?), sp. 
Mastodon (Tetrabelodon ?, sp.) 
Pliauchenia(?), sp. 
Camel, compare Camelus americanus Wortman. 
Prosthennops(?), sp. 
Large suilline form. 
Sphenophalos nevadanus Merriam. 
Ilingoceros alexandrae Merriam. 
Ilingoceros schizoceras, n. sp. 


In the collections made in this region thus far no evidence has 
appeared which indicates definitely a distinct zonal arrangement 
of the fauna. There are differences between the faunas of some of 
the localities, but the vertical difference in position of these beds 
is not great, and the variation may be due to factors other than 
vertical range. 

While the work of collecting was in progress, the question fre- 
quently arose as to whether any of the mammalian remains obtained 
at Thousand Creek were derived from Pleistocene deposits. As has 
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been stated above, in those cases where the deposits could be exam- 
ined, there seemed good reason for considering them as all belonging 
to one formation, while the palaeontologic evidence indicates that 
this formation is older than Pleistocene. At one or two localities 
where loose bones were collected on the broad terraces north of the 
mouth of Thousand Creek, and along the southwestern border of 
Thousand Creek Basin, remains of horses were obtained which are 
not distinctly separable from the genus Eguus. The presence of 
remains referred to Equus has suggested that these particular speci- 
mens may be derived from Pleistocene deposits resting upon the 
older beds. Similar remains are, however, found at other localities 
where the suggestion of Pleistocene age is not so strong. There 
does not as yet seem to be reason for considering that two faunas are 
mingled in these deposits. If such mingling occurs the amount of 
material derived from deposits younger than the Thousand Creek 
Beds must be very small. 

The collections obtained from localities 1096, 1097, 1100, and 
1101 are not widely separated geographically, and are from nearly 
the same horizon, so that they may be taken as a fair representation 
of the fauna of the Thousand Creek Beds. The species from these 
localities include the following forms: 


THousanpD Creek Fauna, Locatities 1096, 1097, 1100, 1101 


Branta, sp. 

Canis(?) davisi, n. sp. 

Ursus(?), sp. 

Felis, sp. a. 

Lepus vetus Kellogg. 
Pliohippus(?), sp. 

Equus(?), sp. 

Teleoceras(?2), sp. 

Mastodon (Tetrabelodon ?, sp.) 
Camel, compare Camelus americanus Wortman. 
Large suilline form. 
Sphenophalos nevadanus Merriam. 
Ilingoceros alexandrae Merriam. 
Ilingoceros schizoceras, sp. 


A number of species of carnivores and rodents not known from 
the localities mentioned above were obtained at locality 1103, at 
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approximately the same level as these localities and less than two 
miles away, on the west side of Railroad Ridge. This collection 
contained the following species: 


Ophidian remains. 
Scapanus(?), sp. 

Tephrocyon, near kelloggi, n. sp. 
Mustela furlongi, n. sp. 
Mustelid, indet. 

Arctomys minor Kellogg. 
Citellus, sp. 

Aplodontia alexandrae Furlong. 
Dipoides, sp. 

Entoptychus minimus Kellogg. 
Peromyscus antiquus Kellogg. 
Peromyscus(?), sp. 
Diprionomys parvus Kellogg. 
Diprionomys magnus Kellogg. 


Although this collection contains no species corresponding to 
those from the four localities mentioned above, it is noted that the 
forms present represent an entirely different faunal phase. The 
genera included in the list from locality 1103 are in some cases types 
known in the Virgin Valley Beds, as Tephrocyon and Aplodontia, 
while others as Citellus, Arctomys, and Peromyscus have a more 
recent aspect. Considering that there is no reason for presuming 
this collection to represent an intimate mixture of specimens derived 
from more than one formation, this phase of the fauna seems to 
represent approximately the same stage of evolution as that in the 
list from the first four localities mentioned. 

Other genera not found at the four localities first named are 
Mylagaulus and Prosthennops (2), found high up in the series at 
locality 1098. 


Relations to Virgin Valley Fauna 


CoMPARATIVE TABLE OF FAUNAS OF VIRGIN VALLEY AND THOUSAND CREEK 


VIRGIN VALLEY BEDS THOUSAND CREEK BEDS 
Reptilia. Reptilia. 
Clemmys, sp. Ophidian remains. 
Insectivora. 


Scapanus(?), sp. 
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VIRGIN VALLEY BEDS 


Carnivora. 

Tephrocyon kelloggi, n. sp. 

Tephrocyon(?), compare rurestris 
(Condon). 

Tephrocyon, sp. a. 

Aelurodon(?), sp. 

Probassariscus antiquus matthewt, 
n. gen. & n. var. 


Felis, sp. a (2). 


Rodentia. 
A plodontia alexandrae Furlong. 
Mylagaulus monodon Cope. 
Mylagaulus pristinus Douglass. 
Palaeolagus nevadensis Kellogg. 
Lepus vetus Kellogg. 


Ungulata. 
Hypohippus near osborni Gidley. 
Parahippus, compare avus 

(Marsh). 

Merychippus isonesus (Cope). 
Aphelops(?), sp. 
Moropus(?), sp. 
Mastodon (Zetrabelodon ?, sp.) 
Merychyus(?), sp. 
Camel, near Procamelus. 
Thinohyus(?), sp. 
Blastomeryx mollis, n. sp. 


Dromomeryx, sp. a4, near borealis 


(Cope). 
Dromomeryx, sp. b. 
Merycodus, near furcatus (Leidy). 
Merycodus nevadensis, n. sp. 


THOUSAND CREEK BEDS 


Carnivora. 


Tephrocyon, near kelloggi, n. sp. 
Canis(?) davisi, n. sp. 
Ursus(?), sp. 

Mustela furlong, n. sp. 
Mustelid(?), indet. 

Felis, sp. @. 

Felis, sp. 8. 


Rodentia. 


Arctomys nevadensis Kellogg. 
Arctomys minor Kellogg. 
Citellus, sp. 

A plodontia alexandrae Furlong. 
Mylagaulus monodon Cope. 
Dipoides, sp. 

E-ucastor lecontei (Merriam) ?. 
Entoptychus minimus Kellogg. 
Peromyscus antiquus Kellogg. 
Peromyscus(?), sp. 
Diprionomys parvus Kellogg. 
Diprionomys magnus Kellogg. 
Lepus vetus Kellogg. 


Ungulata. 


Phiohippus(?), sp. 

Equus(?), sp. 

Teleoceras(?), sp. 

Mastodon (Tetrabelodon ?, sp.) 

Pliauchenia(?), sp. 

Camel, compare Camelus ameri- 
anus \Nortman. 

Prosthennops(?), sp. 

Sphenophalos nevadanus Merriam. 

Llingoceros alexandrae Merriam. 

Llingoceros schizoceras, n. sp. 


From the lists available, it is evident that the faunas of Virgin 


Valley and Thousand Creek represent distinct epochs in the evolu- 
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tion of the mammalia of western North America. Between the 
times of the deposition of the two series of deposits sweeping changes 
in the fauna of this region had taken place. The only species known 
to persist from Virgin Valley to Thousand Creek time are three 
rodents; two of which, /plodontia and Lepus, represent extraordi- 
narily persistent genera. The third form, My/agaulus, has a range 
from Middle Miocene to Pliocene. The single M2 of Tephrocyon 
found at locality 1103 does not differ markedly from the corre- 
sponding tooth of 7. kelloggi from Virgin Valley. Other than these 
species there are no forms which appear to be common to the two 
series of beds. The mastodon, a large cat, and perhaps some of the 
camels, may be similar in the two formations, but the material 
available is not sufficient for specific comparison. 

The possible elements common to the Thousand Creek and Virgin 
Valley Beds are the following, of which the last three are very doubt- 
ful and the fourth uncertain. 


Aplodontia alexandrae Furlong. 
Mylagaulus monodon Cope. 
Lepus vetus Kellogg. 
Tephrocyon, near kelloggi, n. sp. 
Felis, sp. @ (?) 

Mastodon (Tetrabelodon ?, sp.) 
Camelid(?) 


The ungulates may presumably be fairly taken as a basis for 
comparison of the two faunas, inasmuch as they include a large 
percentage of the species known, and are, moreover, the most abun- 
dantly represented among the specimens collected in the two regions. 
In this group we find Hypohippus, Parahippus, Merychippus, 
Moropus, Merychyus, Dromomeryx, Blastomeryx, and Merycodus 
of the Virgin Valley fauna entirely unrepresented in the Thousand 
Creek Beds. At Thousand Creek horses of the Pliohippus type 
are the common forms; the only other remains of this group known 
are the few tentatively referred to Equus. Among the artiodactylsa 
small dicotyline from Thousand Creek seems to be generically 
different from the only remains found in Virgin Valley referable 
to the Suidae in the wider sense. The large camels, which are 
among the most common fossils at Thousand Creek, seem not to be 
represented at Virgin Valley. J/ingoceros, the peculiar twisted- 
horned antelope of Thousand Creek, and Sphenophalos, the Antilo- 


————- 
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capra-like form occurring with it, have not been discovered in any 
of the Virgin Valley collections. 

The difference between the faunas of Virgin Valley and Thousand 
Creek is so wide that a very considerable period must have elapsed 
between the times of deposition of these two sets of beds. It 
seems scarcely possible that the changes here indicated could be 
quantitatively less than those which took place between the Middle 
Miocene and the Pliocene of well-known regions, or that the time 
period represented could be less than that occupied by the Upper 
Miocene stage of evolution of the mammalia. 

General Relationships of Thousand Creek Fauna.—Among the 
various assemblages of mammalian forms known in America the 
fauna of Thousand Creek is unique. Its closest relationships are 
apparently with Pliocene faunas as represented by the mammalia 
of the Snake Creek and Blanco, but to neither of these does it corre- 
spond closely. 

As has already appeared, only a limited number of the Thousand 
Creek generic types, and a smaller number of the species occur in 
the Middle Miocene fauna of Virgin Valley, while the presence of 
such ancient genera as Tephrocyon, Mylagaulus, and Teleoceras 
excludes the possibility of referring the Thousand Creek fauna to a 
period as late as even the earliest Pleistocene. 

The number of Thousand Creek species appearing in the Snake 
Creek fauna is slightly larger than that found in any other known 
assemblage of mammalian forms in America. The list of forms 
common to the two includes the types Tephrocyon, Mustela, Felis, 
Mylagaulus, Dipoides, Pliohippus, and presumably Teleoceras. 
The camels and mastodons are also not improbably closely related. 
These two faunas are the only ones in America known to include 
antelopes suggesting close relationship with the typical Old World 
forms. In spite of a partial resemblance, the Thousand Creek fauna 
differs distinctly from that of Snake Creek in the absence of all 
representatives of Hypohippus, Parahippus, Merychippus, Mery- 
chyus, Blastomeryx, and Merycodus, the horses being represented by 
Pliohippus, possibly accompanied by Eguus, and the bodid artio- 
dactyls by previously unknown types of antelopes. There seems 
no question but that the Thousand Creek fauna is younger than 
that of Snake Creek, though evidently as near to the Snake Creek 
Stage as to any other recognized horizon in America. 
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The Blanco Pliocene fauna of Texas resembles that of Thousand 
Creek in the absence of horses below the stage of Protohippus and 
Neohipparion. Unfortunately the Thousand Creek camels and 
mastodons are not well enough known for a thoroughly satisfactory 
comparison. In the disappearance of rhinoceroses, mylagaulids 
and tephrocyons, and in the appearance of several southern types 
of edentates the Blanco stage is more advanced than that of Thou- 
sand Creek. 

In so far as correlation with the American mammalian faunas is 
concerned the Thousand Creek fauna would seem necessarily to 
take a place later than that of the Snake Creek and earlier than that 
of the Blanco. With this arrangement it seems probable that the 
Snake Creek fauna can hardly be considered as later than early 
Lower Pliocene, verging on the Miocene. The Thousand Creek 
fauna may be included in the lower Pliocene, but must represent a 
late stage of this division. The Blanco fauna is presumably con- 
siderably later than that of Thousand Creek. Though the varia- 
tion may be due in part to geographic and climatic differences, it is 
hardly probable that if the Thousand Creek fauna represents the 
late Lower Pliocene the Blanco can represent a horizon as early as 
the earliest Middle Pliocene. 


RELATIVE AGE oF ViRGIN VALLEY AND THOUSAND CREEK Faunas, ACCORDING TO 
GENERAL CORRESPONDENCE AND STAGE OF EVOLUTION 


Middle Blanco 
Pliocene 
Lower Thousand Creek 
Pliocene Snake Creek 
Upper Santa Fe 
and 
Miocene Madison Valley 
Middle Mascall, Deep River, 
Virgin Valley and 
Miocene | Pawnee Creek 


Relation of Thousand Creek Fauna to its Environment.—The depos- 
its formed during the Thousand Creek epoch are not characterized 
by lignitic beds or carbonaceous shales as in the Virgin Valley sec- 
tion, nor have water-laid deposits containing abundant plant 
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remains been recognized. The deposits do, however, contain 
scattered bones of small fishes in at least one locality examined, and 
were evidently in some part formed in standing water. Some of the 
material is volcanic ash which accumulated rapidly. Another 
portion is made up of beds which resemble soil accumulations, to 
which additions may have been made by dust or fine ash deposits. 

From the character of the Thousand Creek Beds taken by them- 
selves there is little to indicate the nature of the climatic conditions 
that obtained in this region while they were being deposited. So 
far as the evidence at hand may be interpreted, there seems no 

reason for presuming that the conditions at that time differed far 
from the possible range of environment within the Basin region at 
the present time. The degree of humidity may have been slightly 
higher than to-day, but the evidence favoring this view is derived 
mainly from the character of the fauna. Presumption is in favor 
of the view that the degree of humidity was less than during the 
deposition of the principal mammal beds in Virgin Valley. 

The distribution and stratigraphic relations of the Thousand 
Creek Beds so tar as known suggest that the topography of the 
region in this epoch resembled an advanced stage in the evolution 
of the topography begun in Virgin Valley time. Considerably 
elevated regions still existed, but around these the deposits had been 
built up till many of the minor irregularities had been completely 
buried, and a much wider expanse of level country was presented. 
According to any interpretation which may be put upon the deposi- 
tional history of this region we must consider that the extent of 
plains territory here during Thousand Creek time was approxi-— 
mately as great as that of the wide stretches of level land in the 
great valleys of the Basin region at the present time. 

In the mammalian fauna, the ungulates of the Thousand Creek 
Beds represent in general types somewhat better adapted to a 
plains region than was the fauna of the Virgin Valley epoch. The 
only horses present are Pliohippus, and possibly Equus, with well- 
developed prismatic crowns of the molar teeth, while the only 
bodid artiodactyls are antelopes with long-crowned molars. 

That the fauna of the region was not limited entirely to open and 
semi-arid plains is suggested by the presence of a goose (Branta), a 
mole (Scapanus), and a possible representative of Ursus. Among 
the rodents the sewell (4plodontia) was presumably a dweller in a 
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moist region with abundant vegetation. Arctomys is not a char- 
acteristic plains form, but might have lived on the borders of open 
country. 

The mammalian fauna as a whole suggests plains with aceasta 
lakes or meadows bordering rugged or elevated areas. The degree 
of humidity may have been somewhat greater, and vegetation more 
abundant than at the present time. The presence of 4rctomys 
may suggest a slight cooling of the climate, either due to general 
climatic changes, or to elevation of this region. 


GENERAL CORRELATION OF VIRGIN VALLEY AND [THOUSAND CREEK 
BEDS ON THE Basis oF PHYSICAL AND FAUNAL RELATIONSHIPS 
To OTHER FORMATIONS OF THE Paciric Coast REGION 


Such reference to correlation of the formations of northern Nevada 
as has appeared in this discussion up to the present time has been 
based upon either stratigraphic or faunal evidence considered alone. 
It seems important to consider the relation of these formations to 
each other, and to other members of the Tertiary system in the 
Pacific Coast region in the light of the combined evidence from these 
fields of investigation, in order to see the fragments of the palaeonto- 
logic record placed as nearly as possible in their true relative posi- 
tions. In further discussion it is desirable to use all of the available 
means of comparison checked against each other, in the hope that 
thus combined they may ultimately accomplish more than has been 
possible with any one group alone. 

Relation of Virgin Valley and Thousand Creek Beds to each other.— 
In the discussion of the geologic relations of the Thousand Creek 
Beds, in Part I of this paper’ the writer has indicated the difficulties 
in the way of determining the exact geologic relations of the Virgin 
Valley and Thousand Creek formations to each other without 
farther study of this region. An investigation of the territory to the 
north and east would probably furnish the information necessary 
to make clear the doubtful factors in the physical history. 

The palaeontologic relations of the two formations seem pretty 
clearly defined. While the writer has constantly held in mind the 
possibility that a mixture of Miocene and Pleistocene species might 
result in a determination of the age of the Thousand Creek Beds as 


7 Merriam, J. C., Univ. Calif. Publ. Bull. Dept. Geol., vol. 6, pp. 45-50, 1910. 
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Pliocene, the evidence before us does not seem to indicate that this 
is the case. A Miocene fauna such as that of Virgin Valley does not 
seem to be represented in the Thousand Creek collections, though a 
few of the Virgin Valley species are present. In the horse group the 
presence of Pliohippus and the absence of the Virgin Valley Hypo- 
hippus, Parahippus, and Merychippus seem to exclude the Middle 
Miocene, the Pleistocene, and probably also the Upper Miocene. 
Among the booid artiodactyls, the presence of the peculiar antelope 
forms [/lingoceros and Sphenophalos, not known in the Virgin Valley 
Beds, and unknown in the abundantly represented Pleistocene 
faunas of the Pacific Coast region, together with the absence of 
Dromomeryx, Blastomeryx, and Merycodus, again indicates that the 
Thousand Creek Beds represent a stage distinctly later than the 
Middle Miocene and earlier than Pleistocene. 

The physiographic history of the Thousand Creek region as 
indicated in the terrace levels bordering the valley, leads one to 
suspect that Pleistocene deposits might be present, and that mam- 
malian remains derived from them could be mingled with those 
from the underlying Pliocene beds. As has been indicated in the 
preceding discussions, no definite suggestion as to such mingling 
has been offered, excepting in the case of a few specimens, especially 
certain remains of an Equus-like form obtained from some of the 
terraces. The same form occurs, however, at another locality 
where rhinoceros remains seemed to be present with it. 

Tt will not be surprising if future observations show that a Pleisto- 
cene fauna is represented at Thousand Creek. With the evidence 
at hand it does not appear that the question as to the age of the 
extensive exposures recognized as the Thousand Creek Beds, and 
containing a fauna including Protohippus and rhinoceroses, 1s 
seriously complicated by such remains as are doubtfully Pleistocene. 

As was indicated in the discussion of the physical history of the 
Virgin Valley and Thousand Creek region in Part I of this paper the 
possibilities as to age of the Thousand Creek Beds with relation to 
the Virgin Valley Beds appear to be as follows. The Thousand 
Creek Beds may be: 

(1) Upper Virgin Valley Beds, faulted down. 

(2) Post-Virgin Valley and pre-Mesa-Basalt, faulted down. 

(3) Post-Mesa-Basalt; formed from older wash of Virgin Valley, 
faulted down. 
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(4) Post-Mesa-Basalt; formed from younger wash of Virgin 
Valley, not moved far by faulting. 

(5) Composite, partly Virgin Valley and partly Pleistocene. 

When checked by what we know of the faunal relationships of the 
Virgin Valley and Thousand Creek Beds, it is noted that the inter- 
val between the Virgin Valley and Thousand Creek faunas seems 
to amount to a period at least as long as the Upper Miocene, and 
that the Thousand Creek Beds cannot be later than early Pliocene. 
This would make it improbable that the Thousand Creek Beds 
belong to the same period of deposition as the Virgin Valley. On 
the other hand it seems improbable that the cutting of the present 
cafion of Thousand Creek was well under way before the beginning 
of Pliocene time. These suggestions seem to narrow the problem 
down to the following possibilities: 

(1) That the Mesa Basalt is Miocene in age and that the present 
cafions began to cut in early Pliocene time, the Thousand Creek 
Beds being formed by the accumulations of early wash from this 
erosion. 

(2) That the Thousand Creek Beds represent a pre-Mesa-Basalt 
formation of considerably later age than the principal mammal 
zone of the Virgin Valley Beds. 

According to the first view the Thousand Creek Beds are post- 
Mesa-Basalt in age, and were accumulated during the cutting of 
Virgin Valley or other valleys of approximately the same age. 
There are several arguments which may be put forward in support 
of this view, but it seems especially desirable to have more evidence 
regarding the relation of the northern and western extensions of the 
Thousand Creek Beds to the Mesa Basalt before it can be seriously 
considered. 

The second view postulates the pre-Mesa-Basalt age of the 
Thousand Creek Beds and makes them either the equivalent of the 
uppermost portion of the Virgin Valley section or a pre-Mesa-Basalt 
accumulation formed from the erosion of the Virgin Valley and not 
represented in the portion of the Virgin Valley section examined. 
The fact that the upper portion of the Virgin Valley section seems 
to be separated from the middle zone by an unconformity below 
the rhyolitic gravels lends some support to this view. If, as seems 
to be the case, the unconformity below the rhyolitic gravels in 
Virgin Valley is not due to accumulation during the cutting of the 
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present valley; and if this unconformity is not a purely local dis- 
cordance due to extraordinary stream action in Virgin Valley time, 
then there is reason to consider the Virgin Valley as divisible into 
two periods of sedimentation which may have been separated by a 
considerable epoch of erosion. 

The Thousand Creek Beds may correspond to that portion of the 
Virgin Valley series above the unconformity. Also if the uncon- 
formity should appear to be between typical Virgin Valley Beds and 
gravels laid down in the course of the cutting of the valley, the 
gravels may correspond to some phase of the Thousand Creek Beds. 
So far as these possibilities are concerned, it is important to know 
if a fauna similar to that of Thousand Creek can be obtained in the 
uppermost portion of the section of Virgin Valley. As yet nothing 
characteristic of either the Virgin Valley or the Thousand Creek 
faunal phase has been obtained from this portion of the section. 
The only suggestion of evidence has come through the examination 
of a number of the low hills in Virgin Valley which seem to be formed 
by slides which have come down from the summit of the mesa. In 
this locality mastodon remains seem more abundant than in other 
places in Virgin Valley, and the only specimen representing a very 
large feline was found here. At Thousand Creek, mastodon re- 
mains are more abundant than at Virgin Valley, and remains of very 
large felines are well known. 

In order to come to an entirely clear understanding of the true 
stratigraphic relations of the Virgin Valley and Thousand Creek 
beds it will be necessary to make a further examination of the 
geology of this region. Such evidence as will make perfectly clear 
the relation of the biologic succession to the series of events in the 
physical history of this region is much to be desired, as the final 
understanding of either the biological or the physical history of the 
Pacific Coast region can be accomplished only by utilizing all evi- 
dence which can be obtained. A clear understanding of the relation 
of the physical and biologic successions to each other will often 
make possible the bringing together in intelligible form of evidence 
otherwise entirely without meaning. 

Relation of Virgin Valley Beds to the Middle Miocene Formations 
of the Pacific Coast and Basin Regions.—As has been set forth in 
Part I of the present paper,’ the Virgin Valley Beds rest upon a 


8 Univ. Calif. Publ. Bull. Dept. Geol., vol. 6, pp. 26-30, 1910. 
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floor of older igneous rocks, which apparently correspond to the 
upper portion of a great series of basalts and rhyolites to which the 
tentative name of Pueblo Range Series has been applied. This 
igneous series has been traced to the north by Waring,?® and is con- 
sidered by him to represent a southward extension of the great lava 
flows along the Columbia River. The complete section from 
southern Oregon to the typical region of the Columbia Lava has 
not been actually traced, and it is most desirable that the connection 
should be carefully worked out. There are, nevertheless, strong 
reasons for considering with Blake and Waring that the eruptive 
series of southern Oregon is only a part of the series of flows which 
cover such an enormous extent of territory farther to the north, and 
certain suggestions as to broader correlations may tentatively be 
based upon this supposition. 

It is well worth noting that the relation of the Virgin Valley Beds 
to the older rocks referred to the Pueblo Range Series as determined 
on purely physical evidence is approximately the same as the rela- 
tion of the Mascall Beds of the John Day region to the Columbia 
Lava; while on the basis of the similarity of mammalian faunas the 
Mascall and Virgin Valley are considered as representing the same 
epoch, viz., the Middle Miocene. The biological and physical 
relations considered together seem to indicate pretty clearly that 
we are dealing with the same stratigraphic sequence in the two 
regions. 

The relation between the Columbia Lava and the Middle Miocene 
sedimentary formations containing a characteristic mammalian 
fauna seems to be one of unusual importance for correlation pur- 
poses. In no other region, and at no other geologic horizon, do we 
know a series of igneous outflows exceeding in magnitude and in 
areal extent the Miocene lavas in and contiguous to the Columbia 
River area. For purposes of reference in correlation this series 
would seem to furnish a most important datum plane wherever it 
can be traced, or wherever recognized by any petrographic peculi- 
arities. 

Following the deposition of the early Miocene lava flows, condi- 
tions favorable for the accumulation of sediment obtained 1n many 
areas over the lava-covered regions, and extensive deposits were 
formed, of which presumably a large part have since disappeared 
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through erosion; but patches and even extensive areas have re- 
mained in many places. During this period the rich and varied 
mammalian fauna would presumably distribute itself with unusual 
uniformity over the wide stretch of territory which had been occu- 
pied in the period immediately preceding by the great lava flows. 
It is to be presumed that the large lava areas, covering more than 
250,000 square miles, would permit a particularly wide distribution 
of certain forms at that time. Though the lava beds appear to 
have been subjected to disturbance in some regions, the amount of 
movement was probably not sufficient to raise barriers which would 
offer important obstacles to the distribution of most mammalian 
forms. Judging by what we know of the mammalian faunas 
referred to the Middle Miocene of the West-American province, 
there was actually a notable uniformity in the life over this region 
during this epoch. 

The distribution of the Miocene flows which seem to be related 
to the great sheets poured out in the Columbia River region has not 
been determined with exactness. Nevertheless one seems to be 
justified in certain suggestions as to the probable extension of this 
field to the north and south of the Columbia. 

To the north of the Columbia, the lavas seem to be traced with 
certainty in eastern Washington, and upon them is found a sedi- 
mentary series known as the Ellensburg formation, which resembles 
in its general character the Mascall of Oregon. Such fossil remains 
as have been reported from these beds, particularly the plants, 
correspond to those of the Mascall. 

To the south of the Columbia, the lava fields extend around the 
Blue Mountains and cover the Oligocene John Day formation. In 
the valley of the John Day River near Dayville the Mascall Beds 
lie in a trough formed by the Columbia Lava faulted down against 
the older formations on the northern flank of this portion of the 
mountain mass. On the summit of the mountains the Columbia 
Lava appears again dipping gently to the south, where it seems to 
disappear beneath a formation resembling the Mascall. These 
beds contain a mammalian fauna similar to that in the Mascall on 
the northern flank of the mountains. 

To the south of the Blue Mountains lies the extensive lava region 
in which the basaltic flows have been compared by Waring and 
others to the Columbia Lava, and upon a southern extension of an 
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igneous series comparable to these flows rest the Virgin Valley Beds 
with a fauna similar to that of the Mascall. 

It does not seem to the writer to be an absolutely safe conclusion 
that all of the igneous rocks included in the flows to which reference 
has been made are necessarily the exact equivalent of the main 
exposures on the Columbia River, or to this series as limited to the 
basalt flows which lie between the John Day Upper Oligocene and 
the Mascall Middle Miocene. Other igneous series both earlier 
and later are known, but there is a reasonable presumption in favor 
of considering the group of flows to which reference has just been 
made as belonging to the same general epoch. This epoch on the 
basis of correlation by mammalian palaeontology is referable to the 
Lower Miocene, as the beds immediately below it contain an Upper 
Oligocene fauna and those immediately above it a Middle Miocene 
fauna. 

To the south of the Virgin Valley area in Nevada, the broken 
structure of the Basin region makes difficult the tracing of forma- 
tions which are not quickly recognized by palaeontologic or petro- 
graphic species. There are, however, in this region exposures of 
beds which have superficially the appearance of the Miocene forma- 
tions farther north, and which contain scattering remains of mam- 
malian forms apparently later than early Miocene and older than 
Pleistocene. Exposures of this nature extend well through the 
state of Nevada, and may reach into the southern part of California. 
It is probable that a careful study of the patches of sedimentary 
deposits extending through Nevada and into California will enable 
us to arrive at an approximate correlation of these formations. 

As a few mammalian remains are found in the deposits of Tertiary 
age within the Great Valley of California it is hoped that correlation 
of these beds with the continental deposits of the Basin region may 
ultimately be possible. When this is accomplished we can deter- 
mine the relationship of the continental beds to the well-known 
marine series of the Pacific Coast region. 

The relation of the Columbia Lava series to the marine beds of 
Western Oregon should also furnish important information in any 
effort which may be made to correlate the continental formations 
with the marine series. 

Relation of Virgin Valley Beds to Faulting Movements of Basin 
Region.—As nearly as can be determined, the Virgin Valley Beds | 
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rest unconformably upon the Cafon Rhyolite in Virgin Valley. 
There is reason to believe that these rhyolites represent the upper 
portion of the igneous series of Pueblo Range, and any disturbance 
which affected the rhyolites must have disturbed this basalt series. 
It is evident that considerable faulting movements have affected 
the basaltic series in comparatively late time, and other movements 
may have occurred between the Virgin Valley and Thousand Creek 
epochs. The amount and nature of these movements cannot be 
determined until the relation of the Virgin Valley and Thousand 
Creek Beds to each other is certainly known. If the Thousand 
Creek Beds were formed in post-Mesa-Basalt time and all of the 
beds below the Mesa Basalt are to be referred to one epoch, the 
Virgin Valley, there must have been profound movements in pre- 
Virgin-Valley time, as the sediments below the Mesa Basalt have 
filled around prominent points consisting of the older igneous rocks. 
If the beds immediately below the Mesa Basalt are the equivalent of 
the Thousand Creek series, it is possible that considerable move- 
ments occurred after the deposition of the Virgin Valley and previous 
to the deposition of the uppermost beds. The presence of a marked 
unconformity below the rhyolitic gravels, which possibly separate 
upper and lower Virgin Valley divisions, is in favor of such a view. 
On the other hand, excepting at the contact below the rhyolitic 
gravels there does not appear to be a noticeable difference in posi- 
tion between the upper and lower sedimentary beds below the Mesa 
Basalt; at any rate no such difference appears as would be produced 
if any considerable change in the topography had developed through 
faulting or other movements. 

On any hypothesis excepting that the Thousand Creek Beds were 
formed by accumulation late in the history of the cutting of Virgin 
Valley, it would be impossible to avoid the conclusion that important 
faulting movements have occurred in this region in post-Thousand- 
Creek time. 

Relation of Thousand Creek Beds to other Formations of the Pacific 
Coast and Basin Regions.—The unique character of the mammalian 
fauna found in the beds at Thousand Creek, and the imperfectly 
understood stratigraphic relations of the formation in which this 
fauna occurs make it difficult to estimate the position of the Thou- 
sand Creek Beds in the scheme of Pacific Coast formations. A pos- 
sible relationship to the Rattlesnake Beds of the John Day region 
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in Oregon is the correlation which naturally suggests itself before 
any other. Correlation with other formations is also suggested, 
but the basis for comparison is very slight. 

The type exposure of the Rattlesnake fortunately occurs in the 
same region with the typical section of the Mascall Miocene, and 
with well-marked Pleistocene deposits, so that the earlier and later 
limits of age of the Rattlesnake are quite clearly defined. 

The typical Rattlesnake Beds rest in marked unconformity upon 
the Mascall along the border of the Blue Mountains in the vicinity 
of Dayville on the John Day River. The Mascall here occupies a 
trough formed on the north side by the Columbia Lava dipping 
to the south, and on the southern side by the mass of the Blue 
Mountains, the Columbia Lava being faulted or sharply folded 
against the northern side of this ridge of the mountains. The 
Mascall Beds agree in dip and strike, so far as observed, with the 
underlying Columbia Lava, and were deposited previous to the 
movement expressed in the sharp deformation of the lava. As 
the exposures of the Mascall are between 1,000 and 2,000 feet thick, 
and are seen in the narrow trough because of deformation of the 
underlying lava since their deposition, it is evident that they 
originally existed outside this depression, but have been eroded 
away. The Rattlesnake rests in a very slightly inclined position 
upon the eroded edges of this steeply tilted Mascall, and it is clear 
that the time of beginning deposition of the Rattlesnake must have 
been separated from the closing of deposition of the Mascall by a 
period in which very marked deformation and extensive erosion of 
the Mascall occurred. It seems improbable that this deformation 
and erosion could have taken place in a period shorter than that 
represented by the Upper Miocene. This being the case the 
Rattlesnake would not be older than early Pliocene. 

The upper limit of age of the Rattlesnake seems to be fixed by 
the beginning of the erosion period during which the great cafions 
of this region were cut. Terrace deposits near the floor of the pres- 
ent cafion of the John Day River contain undisturbed remains 
representing a Pleistocene fauna. ‘The cafion-cutting period must, 
therefore, have ended sometime before the close of Pleistocene time. 
The presumption is that the cafon-cutting was accomplished in 
early Pleistocene time. As the John Day Cafion cuts through the 
typical Rattlesnake section, the upper limit of age of these beds 
seems determined as not later than the beginning of the Pleistocene. 
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The Rattlesnake Beds as we know them in the John Day Valley 
were evidently laid down in a basin of comparatively limited extent, 
which was bounded on the north by the Columbia Lava monocline, 
and reached south to the ridge of the Blue Mountains south of the 
John Day River. The greatest thickness of the beds known to the 
writer, including the maximum thickness of the various members of 
the series, would be a little less than 500 feet. A small part of the 
series consists of beds which have the appearance of old soil mantles, 
but the greater portion of the whole accumulation is made up of 
coarse gravel. The time required for the deposition of the whole 
thickness may, therefore, have been rather short, and presumably 
does not represent more than one-half of the Pliocene, in which it 
seems probable that the formation of this series of beds occurred. 
There does not, however, seem to be anything in the physical evi- 
dence to indicate whether the deposition occurred in early or in late 
Pliocene time. 

The only suggestion bearing upon the question as to the division 
of the Pliocene represented by the Rattlesnake Beds 1s offered by 
the fauna. ‘The few species thus far found at the Rattlesnake expo- 
sures are unfortunately only poorly represented, and in a large 
percentage of cases the occurrence is not known exactly. Following 
is the list of species referred to this formation: 

Neohipparion occidentale (Leidy) 
Neohipparion sinclairi (Wortman). 
Platygonus rex Marsh. 

Plhiohippus supremus (Leidy). 
Cants(?) davist Merriam?. 
Clemmys hesperia Hay. 
Rhinoceros, indet. 

Camel, large, indet. 

Camel, small, indet. 

Suilline, large, indet. 

Of the above forms the rhinoceros seems quite certainly not later 
than the earlier Pliocene, so that taking all evidence into considera- 
tion an approximation of the age of the Rattlesnake as early Plio- 
cene seems justified. 

Judging the age of the Thousand Creek and Rattlesnake Beds 
separately on the basis of available information, both seem to fall 
within the Lower Pliocene. The meagre Rattlesnake fauna offers 
so little for comparison that faunal similarity between the two 1s not 
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evident. ‘The only parallels indicated are shown in the occurrence 
in both of rhinoceroses and large camels, together with horses 
having an advanced type of tooth structure. An additional sug- 
gestion appears in the presence in the Thousand Creek Beds of the 
canid species, Canis (?) davisi, which seems to be identical with a 
species doubtfully derived from the Rattlesnake at Rattlesnake 
Creek, Oregon. 

In the region where the Thousand Creek Beds are exposed there 
are fortunately two important factors in the geologic sequence which 
seem to be almost identical with the physical factors which check the 
possible upper and lower limits of age of the Rattlesnake Beds in 
the John Day Valley; these factors are (1) the Virgin Valley beds, 
corresponding to the Mascall; and (2) the great valleys originating, 
like the valley of the John Day, through geologically recent erosion. 
If the relation of the Thousand Creek Beds to both of these factors 
were clearly shown, important evidence would be available for 
checking the relative ages of the two formations. 

If the Thousand Creek Beds are pre-Mesa-Basalt, as seems pos- 
sible, they may correspond closely in age to the Rattlesnake. It is 
perhaps worth noting that the remarkable extent of the layer of 
Mesa Basalt in the Virgin Valley region is paralleled, in a manner, 
by the great extent of the bed of Mesa Rhyolite, forming the mesa 
capping over a considerable part of the Rattlesnake. 

If the Thousand Creek Beds are post-Mesa-Basalt they are either 
younger than the Rattlesnake or the cafion-cutting was initiated 
at an earlier date than in the region to the north of the Blue Moun- 
tains. As nearly as we are able to judge there seems reason to 
believe that the great cafions of the entire region under considera- 
tion owe their origin to an uplift of continental character, which 
occurred near the close of Pliocene time, and unless special condi- 
tions have been introduced in one or the other of the regions 
discussed we are presumably near the truth in considering the cafion- 
cutting as nearly coincident in the two areas. In that case post- 
Mesa-Basalt age of the Thousand Creek Beds would place them at a 
much later date than the Rattlesnake. It would also evidently 
place them within the limits of Pleistocene time, which 1s clearly 
negatived by their fauna. It seems, therefore, that with the evi- 
dence at hand there is reason for considering the Thousand Creek 
Beds as pre-Mesa-Basalt. 
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As will be seen, the lines, however drawn, seem to indicate that 
the Rattlesnake and Thousand Creek epochs are nearer to each other 
than either is to any other distinctly recognized epoch in the history 
of this region. ‘There is, however, still reason for considering them 
as not necessarily identical. Such faunal evidence as is available 
does not by any means indicate contemporaneity, and the physical 
evidence of contemporaneous deposition is far from definite. It 
seems probable that additional palaeontologic and geologic studies 
in both regions may ultimately give us a much more satisfactory 
statement of the relations than is now possible. 

Of the formations in which mammalian fossils have been found 
west of the Sierra Range region there are none in which a sufhcient 
representation is known to offer more than a mere suggestion as to 
time relationship to the Thousand Creek Beds. Four formations 
in California—the Pinole Tuff and Orindan freshwater formations 
of the San Francisco Bay region, and the largely marine Jacalitos 
and Etchegoin formations of the western San Joaquin Valley— 
contain fragmentary mammalian remains which suggest a late 
Miocene to Pliocene stage. 

The Pinole Tuff, overlying the San Pablo formation at San Pablo 
Bay, contains a few fragmentary mammalian fossils, among which 
is a horse of an advanced protohippine type. The type of horse 
present here might represent late Miocene or early Pliocene. It is 
of a stage at least as advanced as that of the Pliohippus species 
found at Thousand Creek. 

In the Orindan and Siestan formations which overlie the Pinole 
Tuff a few remains have been found at rather widely separated 
localities. They include a large mastodon, a species of Neohipparion 
near N. richthofeni, a small camel, a peccary, and the type specimen 
of Eucastor lecontei. ‘This fauna would seem to represent a very late 
Miocene or early Pliocene stage, but occurs above the Pinole Tuff 
with Pliohippus. 

In the Jacalitos formation of the western San Joaquin Valley, as 
also in the Etchegoin formation above it, scattered horse teeth 
have been found representing a species of Pliohippus about as 
advanced as that of the Pinole Tuff. Taken by itself, this form 
would be considered as representing late Miocene to Pliocene time. 

The stages of evolution represented by the protohippine forms of 
the Pinole Tuff and the Etchegoin formation are approximately 
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the same, so far as can be determined with the very fragmentary 
material at hand. They are also at approximately the stage of 
advance shown in the Thousand Creek species. This may, how- 
ever, not be taken.as suggesting more than that these California 
formations are to be included in a period covered by the late Mio- 
cene and early Pliocene. They all belong in an epoch which follows 
the middle Miocene and precedes the middle Pliocene. Further 
collections from the Californian formations will doubtless assist 
in determining their relationship to the Thousand Creek Beds more 
definitely. 


SYSTEMATIC DESCRIPTIONS 
Pisces 


Scattered vertebrae and isolated skull bones of small fishes were 
found at locality 1090 in the Virgin Valley Beds, and at locality 
1097 in the Thousand Creek Beds. The material was very frag- 
mentary and a satisfactory determination of the forms represented 
seems improbable. 


Fics. 1¢@ anp 1. Ophidian remains. Precaudal vertebrae. No. 19422, X 2. Thou- 
sand Creek Beds, Thousand Creek, Nevada. Fig. 1a, posterior view; fig. 14, lateral view. 


REPTILIA 
OPHIDIAN REMAINS 


Several snake vertebrae were found in an exposure of the Thou- 
sand Creek Beds west of Railroad Ridge. They evidently belong 
to several individuals, and it is not certain that they all represent 
the same generic type. The vertebrae present are pre-caudals 
with well-marked rib attachments (see figs. 1g and 14). The im- 
perfect development of the neural spines is presumably to be 
attributed to their having been located near the posterior portion 
of the rib-bearing division of the vertebral series. The zygosphene 
is large and the zygantral excavation deep. Hypapophyseal promi- 
nences are present, but are imperfectly developed. 

Occurrence: Thousand Creek Beds; locality 1103, Thousand Creek 
region, west of Railroad Ridge, Humboldt County, Nevada. 
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CLEMMYS, Sp. 


A number of fragments representing testudinate forms (fig. 2) 
from locality 1090 in the Virgin Valley Beds were referred to Dr. 
O. P. Hay for examination. Dr. Hay has very kindly furnished 
the following statement regarding these specimens: “I examined 
the pieces of turtles sent me and compared them especially with 
Clemmys marmorata from California. I see no reason why they 
may not belong to that genus, but they certainly are not C. mar- 
morata. ‘(he material is so scanty that it seems to me better not 
to describe it, or at least not to name it.”’ 

Occurrence: Virgin Valley Beds; locality 1090, Virgin Valley, 
Humboldt County, Nevada. 


Fic. 2. Clemmys, sp. Peripheral elements. No. 19421, natural size. Virgin Valley 
Beds, Virgin Valley, Nevada. : 


AVES 
BRANTA, Sp. 


At two localities several miles apart in the Thousand Creek region, 
fragmentary specimens representing the ulna of a large species of 
goose (fig. 3) were found. These specimens were examined by 
Mr. L. H. Miller who has kindly furnished the following note re- 
garding them. 

“No. 12556 is the distal portion of the left ulna of a large anserine 
bird corresponding most closely in size with the Recent Branta 
canadensis. ‘The fossil specimen slightly exceeds in size the only 
specimen of the Recent form available for comparison, but the 
difference is scarcely greater than exists within the range of the 
Species as it is known today. There is no character that would 


984 PUBLISHED PAPERS AND ADDRESSES 


exclude the specimen from the species Branta canadensis Linn. (?), 
although in the absence of a more complete specimen its assign- 
ment to this species must be a purely tentative procedure.” 

The second specimen is identical in form with the one described 
above by Mr. Miller, and is considered by him as representing the 
same species. 

Occurrence: Thousand Creek Beds; localities 1063 and i100, 
Thousand Creek, Humboldt County, Nevada. 


Fic. 3. Branta, sp. Distal portion of left ulna. No. 12556, natural size. Thousand 
Creek Beds, Thousand Creek, Nevada. 


Fics. 4a anp 4b. Scapanus(?), sp. Right humerus. No. 19409, natural size. Thou- 
sand Creek Beds, Thousand Creek, Nevada. Fig. 4a, anterior view; fig. 44, posterior view. 


INSECTIVORA 
SCAPANUS(?), Sp. 


From two localities in the Thousand Creek region remains repre- 
senting moles have been obtained. The only specimens recognized 
thus far consist of the humeri (figs. 4¢ and 44), which do not seem to 
furnish characters clearly distinguishing them from the existing 
moles of the West Coast region. It is not improbable that more 
material would show peculiar generic characteristics in the Thousand 
Creek forms. The presence of moles at two localities in the Thou- 
sand Creek Beds seems to indicate a soil more humid at these locali- 
ties than the average soil in this region at the present time. This 
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may, however, be due to purely local conditions of humidity, such 
as obtain at the present time in restricted areas of the Great Basin 
region. 

Occurrence: Thousand Creek Beds; localities 1103 and 1097, 
Thousand Creek, Humboldt County, Nevada. 


CARNIVORA 
CANIDAE 
TEPHROCYON KELLOGGI, n. sp. 


Type specimen a lower jaw with dentition, no. 11562, Univ. 
Calif. Col. Vert. Palae. From the Virgin Valley formation at 
Virgin Valley, Humboldt County, Nevada. The species is named 
in honor of Miss Louise Kellogg, who discovered the type specimen. 

The genus Tephrocyon is represented by several specimens referred 
to a species distinct from the typical 7. rurestris of the Mascall 
formation in the John Day region of Oregon. Through the kind- 
ness of Professor John F. Bovard and Professor Arthur J. Collier, 
the type specimen of the Mascall species was loaned by the Uni- 
versity of Oregon for comparison. 

The jaw is of nearly the same length as in the type species, but 
more slender and the inferior margin not so strongly convex below 
the anterior end of the masseteric fossa. Inferior pre-molar series 
longer, and molar series shorter than in J. rurestris. Pi, Pe, and P3; 
of the type specimen without anterior or posterior cusps. P, with 
a single posterior cusp. My, with large metaconid, heel with large 
crushing hypoconid and entoconid. Trigonid of Mz with well- 
developed paraconid. 

The form of the mandible (pl. 32) in this species differs less notice- 
ably from that of the typical Canis than in the type specimen of 
Tephrocyon. The inferior margin is not as strongly convex as in 
T. rurestris, nor is the jaw as a whole quite as massive. The jaw 
tends, however, to be relatively heavy in the posterior half in com- 
parison with species of Canis. 

The incisor teeth are not present on any specimen, and the 
canines are represented only by the basal portion of a tooth not 
showing:any peculiar characters. 

The premolars are uncommonly simple in form on the type 
specimen of this species. There appear to be no subsidiary cusps 
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on the first three premolars, but P, has in addition to the principal 
cone a posterior cusp and an incipient basal tubercle. On another 
specimen, no. 11474, apparently representing this form, P2 has a 
distinct posterior cusp. 

M, is characterized by the large size of the metaconid and of the 
broad crushing heel (see pl. 32, fig. 1). The metaconid is larger and 
more prominent than in J. rurestris. The heel of this tooth is 
nearly identical in form with that of the type species. The hypo- 
conid and entoconid are of approximately equal size, but the ento- 
conid seems to be slightly more elevated. ‘There is a small but 


Figs. 54 anp 56. Tephrocyon kelloggi,n. sp. Me, unworn tooth. No. 10651, X 13. Vir- 
gin Valley Beds, Virgin Valley, Nevada. Fig. 5a, outer side; fig. 54, superior side. 

Fic. 6. Tephrocyon kelloggi,n. sp. Me, worn tooth. No. 11474, X 13. Virgin Valley 
Beds, Virgin Valley, Nevada. 

Fic. 7. Tephrocyon, near kelloggi,n. sp. Mz. No. 12542, X 13. Thousand Creek Beds, 
Thousand Creek, Nevada. 


distinct tubercle on the posterior side of the base of the protoconid 
immediately in front of the hypoconid. Another small tubercle 
is faintly developed on the posterior side of the base of the 
metaconid. 

Mz is relatively large, and an extraordinarily developed tooth. 
Its fore and aft diameter equals almost three-fourths that of the 
carnassial, and there is a well-developed paraconid present. The 
protoconid and the metaconid are nearly equal in size. The para- 
conid may nearly equal the other cones in size. On the large basin- 
shaped heel the nearly equally developed hypoconid and entoconid 
are connected posteriorly by a low marginal ridge. On the antero- 
external side of the base of the trigonid a prominent ridge is devel- 


i i a a a ee 
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oped on the cingulum. On the specimens available a minute tuber- 
cle is present in the valley between the protoconid and hypoconid. 

M; is not represented on any of the specimens. Judging from 
the form and size of the alveolus, this tooth was relatively large, and 
its anteroposterior diameter was considerably greater than the 
transverse. 


MEASUREMENTS 
Type 
specimen, 
no. 11562 
Length of mandible from anterior side of P; to posterior side of condyle.. 103.7 mm. 
Heightiotmnandiblejbelowsprotocone of Mirmnre tree nen nasa: 21. 
Greatest thickness of mandible below talonid of Mz................. oF 
payin Cero pOStehiOtsGiamete tanya seriou say vols aun eepa water Ge clea Gr 
ReManterOposte mor ciate te tamer pepo. arr Pia ieere Accel l) creases 6.7 
AWA LChOpPOStenlOrdtametetyioy Aas vials atevascl susie iis celles eValele ovate shalal otaie 8.4 
Mb, NIA RONSON GTANINAIS?, ooo saadodondobecedonvcoe bbe cvasnee os on 
Mb, BME DOSISHIO? Gharmnewsr OL INGalooooc0cd0b000a00s000004 600000046 4. 
IMintransversevaraime termotiheelymmnam nies eisai s otters sid ene cles he 
Mean cero postehloradiametcrnermn is terre Leia ern aake aie 10.5 
MpmOneatestuthansverserdiametel na ner renner arin etre Goll 
No. 10651 
IML, AINBERO OMIA ole GHAINATH?, 5560400000 eso0ddo00n0C00000000000006 11.5 mm. 
IMeworeatestatransverseraiameten pny nner eeiicicisniani acid. 6.9 


In its most distinctive characters, that is in the form of M, and 
M2, this species resembles the typical Tephrocyon, and is evidently 
closely allied to it. It differs from the type species in the simpler 
premolars, larger metaconid of Mi, and relatively larger Mz. The 
simplicity of the premolars, if found to occur regularly in a large 
series of specimens, might, taken with other differences, be advanced 
as evidence of subgeneric separation. It should, however, be noted 
that on one specimen, no. 11474, a distinct posterior cusp is devel- 
oped on Ps, though the dentition is otherwise quite similar to the 
type specimen of TI. kelloggi, and there seems hardly sufficient reason 
for specific separation. 

The characters of the dentition in Zephrocyon as represented in 
T. kelloggi are in some respects quite bear-like. The second molar 
is unusually large, its anteroposterior diameter equalling over 
seventy per cent of that in M;. The anteroposterior diameter of 
Mz nearly equals that of the corresponding tooth in I. rurestris, 
while in that species the carnassial is one-third larger than in T. 
kelloggi. In the carnassial the large heel and the extraordinarily 
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developed metaconid give an unusual crushing surface. Judging from 
the size of the alveolus M; was relatively larger than in 7. rurestris. 

Such ursine characters as appear in the dentition of this form are 
probably not to be considered as indicating that it is in any sense 
ancestral to the bears. The great variety of canids with bear-like 
characters which is being found in the middle Tertiary faunas does, 
however, suggest the possibility of independent origin of certain of 
the groups which have been brought together in the Ursidae. 

Occurrence: Virgin Valley Beds; locality 1065, Virgin Valley, 
Humboldt County, Nevada. 


TEPHROCYON, near KELLOGGI, n. sp. 


A single second lower molar of Zephrocyon (no. 12542, fig. 7) 
was found in the beds at Thousand Creek. ‘This specimen very 
closely resembles M2 of the type specimen of J. kelloggi, but is 
slightly shorter and ts a little narrower posteriorly. It is hardly to 
be distinguished from TZ. ke/loggi and may be referred to that species 
tentatively. 

Occurrence: Thousand Creek Beds; locality 1103, Thousand 
Creek, Humboldt County, Nevada. 


MeasurEMEnts, No. 12542 


MoNanteroposterionidiametetn a eee pare ae ee nner eran ee 9.9 mm. 
Meworeatestitransverserdiaimetenan nner mane rea nea taea ae Sod 


TEPHROCYON(?), compare RURESTRIS (Condon) 


In the collection from Little High Rock Cafion there is a fragment 
of a lower jaw (figs. 8a and 84) with P, and M; which represents a 
canid. This specimen, no. 12503, differs in form and dimension of 
P, and M, from the type specimen of TZ. rurestris. Ps, is a rather 
heavy tooth with both posterior cusp and basal tubercle. As in 
T. rurestris there is no anterior basal tubercle. In M, the metaconid 
seems relatively smaller than in the typical species, but it 1s not easy 
to judge of this character with absolute certainty, as the two teeth 
are not available in the same stage of wear. The heel of M: is wide, 
while the hypoconid and entoconid are of nearly equal size. 

M, of this form may differ from J. rurestris in acuteness of the 
protoconid and paraconid, and in smaller size of the metaconid. 
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Otherwise the resemblance is very close. As no. 12503 has an 
absolutely unworn My, while in the type of I. rurestris this tooth 


is considerably worn, the difference may appear slightly exaggerated. 


gee oe 
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Kies. 84 anp 86. Tephrocyon(?), compare rurestris (Condon). No. 12503, natural size. 
Virgin Valley Beds, Little High Rock Cafion, Nevada. Fig. 8¢, M; and P4,, inner side; 
fig. 86, Mj, superior view. 

Fics. 94 anp 96. Tephrocyon(?), sp. a. My and Py. No. 12504, natural size. Virgin 
Valley Beds, High Rock Cafion, Nevada. Fig. 9a, outer side; fig. 94, superior view. 

Fic. 10. elurodon(?), sp. A portion of the lower jaw. No. 12545, X 3. Virgin Valley 
Beds, High Rock Cafion, Nevada. 


It is desirable to have M: represented before attempting to establish 
the identity of the two forms with certainty. 
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Occurrence: Virgin Valley Formation; locality, Little High Rock 
Cafion, Humboldt County, Nevada. 


MEASUREMENTS 
Type of T. 
rurestris No. 12503 
Pi anteroposteriondiame ter arr ineea een eee ner ee eee LoS) worn, tile ef 
Pa vtransvetsesdiametersm que a ieee. coat ar ee rch sone eon 6. 6.3 
IM panteropostenotdiameter ne penne eee eee 20. 22.3 
Misanteropostenotadiamete gol nce Mean ee en ann nee 6. 6.4 
Misitransverse diame terror heelenr ir atCn ened ae anne 8.4 
Height of mandible below protocone of Mi.................... 20. 


TEPHROCYON(?), sp. @ 


The jaw fragment no. 12504 from High Rock Cafion (figs. 94 and 
9) represents a form not differing greatly from the specimen ten- 
tatively referred to 7. rurestris. The teeth on this specimen are 
somewhat larger than in the type of TZ. rurestris; Ps is somewhat 
thinner and possesses an anterior basal tubercle; and the tubercles 
on the heel of M, are quite uneven in size, the entoconid being con- 
siderably smaller than the hypoconid. 

There may be some doubt as to whether this specimen actually 
represents the genus Tephrocyon. Inso far as it differs from Tephro- 
cyon it approaches the dogs of the Canis type. 


MEASUREMENTS 
Pa anteropostenomaiame tela aE eee ee eer ee Ree ee Tere 12.7 mm. 
Parthansverse: diame terme. sis ys ences a else rater reee ee Tee epee ee: 5.6 
IM anteropostenion diameteraen ene aie, eee eee eer eo nee 24.2 
Mianteroposterlondiameteniotencelsns sea sense eee eee ace eee 6.4 
MGS transverse diameter ofsheel mmm uence: eerie eee 8.4 
Heightiotsmandibleybelowaprotoconelole Viaaaee ee ener ee nen re DS 


AELURODON(?), sp. 


A fragment of a large jaw (no. 12545) from High Rock Cafion 
(fig. 10) represents a form certainly quite different from any of the 
species mentioned above. ‘The jaw is very short and massive. 
The dental series includes three molars and at least three premolars, 
though the alveoli of the anterior premolars are not clearly shown. 
The inferior carnassial has about the same anteroposterior diameter 
as in specimen 12504 referred to tentatively as Tephrocyon(?), sp. a, 
but the relation of the dimensions of this tooth to those of the jaw 
is entirely different. This specimen evidently represents a type 
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generically different from the forms referred to Tephrocyon. The 
short massive mandible suggests 4e/urodon, though the teeth seem 
to be relatively small and weak for any of the species thus far 
described in that genus. 

Occurrence: Virgin Valley Formation, High Rock Cafion, Hum- 
boldt County, Nevada. 


MEASUREMENTS 
Height of mandible below protoconid'of My.--....-..-....:..-.-- +++: 39. mm. 
Thickness of mandible below protoconid of Mi....................+0-- 1A 
Mia pproxiimateranteroposterionadiameterareery eit selec ieee ila: 2S). 


CANIS(?) DAVISI, n. sp. 


Type specimen, no. 545, Univ. Calif. Col. Vert. Palae. Mascall (?) 
Beds near Rattlesnake Creek, John Day Valley, Oregon, figured 
and described without specific designation by J. C. Merriam, Univ. 
Calif. Publ. Bull. Dept. Geol., vol. 5, pp. 5 and 6, fig. 1. 


134 

Fic. 11. Canis(?) davisi, n. sp. M!. No. 12505, natural size. Thousand Creek Beds 
Thousand Creek, Nevada. 

Fic. 12. Canis(?), sp.; near davisi. Me, seen from above. No. 12543, X 134. Thousand | 
Creek Beds, Thousand Creek, Nevada. 

Figs. 134 anp 136. Canis(?), sp.; near davisi. My. No. 12543, X 13. Thousand Creek 
Beds, Thousand Creek, Nevada. Fig. 13a, posterior view; fig. 134, posterior region of the 
tooth seen from above. 


A single first upper molar from Thousand Creek (fig. 11) shows 
the same characters as M! in the specimen described some years ago 
from near Rattlesnake Creek, Oregon, and may be referred to that 
species. 

In the type specimen the molars are a little smaller than in the 
living coyotes of eastern Oregon and M? is relatively a little larger 
than in the Recent species. The outer cusps of M! are laterally 
compressed to such an extent that the cusps are noticeably sharp. 
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The protocone together with the incipient protoconule and metaco- 
nule form a wide and sharply-marked V-ridge. The high and 
narrow hypocone swings forward to a point approximately even 
with the apex of the protocone. 

The molar tooth from Thousand Creek is almost identical with 
the type specimen in form. The hypocone of M', which was some- 
what worn in the type, is here complete, and shows this tooth to bea 
little wider transversely than in the original figure of the type 
specimen. 

Occurrence: Mascall or Rattlesnake Beds, eastern Oregon; 
locality 1101, Thousand Creek Beds, Thousand Creek, Humboldt 
County, Nevada. 


MEASUREMENTS 
No. 545 No. 12505 
Mivantenopos terion dia mete nanny. (aria aan nin eae eee Yo ama, OLY 
M!, anteroposterior diameter at narrowest point between 
protocone/andiparacone ence ee aren eine nent ne tena Uo 7.6 
Mestransversediameten yy yan en en Beep ee eal anu yee 13.3 al2e5 


@ approximate, outer edge broken. 


CANIS(?), sp.; near DAVISI, n. sp. 


A complete second lower molar (fig. 12) and the posterior portion 
of a lower carnassial (figs. 13¢ and 134) from Thousand Creek 
represent a small canid species apparently not far removed from the 
existing Canis. 

The trigonid portion of Mz consists of a small but nearly centrally 
located protoconid and a considerably reduced metaconid. The 
heel consists of a small hypoconid with a basin-like expansion of 
the entoconid region. The form of this tooth is near that of Me in 
some of the existing forms of Canis, and there seems reason for 
considering that this specimen represents a form near that genus. 

On the fragment representing the lower carnassial, the metaconid 
is of moderate size. On the heel the hypoconid is considerably 
larger than the entoconid, and is distinctly compressed laterally, 
as is the entoconid also. This tooth was probably, but not certainly, 
associated with the second lower molar described above. 

This form is quite distinct from the species of Tephrocyon in the 
structure of M2, and in the form of the heel of M;. The heel of the 
inferior carnassial is narrower than in TepArocyon, the tubercles are 
distinctly compressed laterally, and the entoconid is relatively 
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small. MM, differs also from the forms referred to Tephrocyon(?), 
sp. a, and 7. cf. rurestris in the narrowness of the heel, and in the 
compression of its tubercles. 

It seems to the writer not improbable that the inferior molars 
in no. 12543 are from an animal of the same species as the upper 
molar referred to as Canis davisi; at any rate they represent a closely 
similar canid type. 

Occurrence: Thousand Creek Beds; locality 1100, Thousand 
Creek, Humboldt County, Nevada. | 


MEASUREMENTS 
No. 12543 
Mh, anttarqnonisntor charmeuse OF Neal, sossodoooogogn00Gpsodcbogueoeuus 5.5 mm. 
Mimithansverseydiametenoimheella ura 4 vc, manne Midna sl aslanina snk ol 6.4 
Mow anteroposteronidiame ternary ia aisiiericras a ciiae sin aoe eeia 8.5 
Mowicransverserdiaimetennnr mens sti aten nao Marae edalal 2, siutameca Nios areata 6. 


CANID, FORMS INDETERMINATE 


A number of scattered limb bones from Virgin Valley and Thou- 
sand Creek represent several canid forms, and possibly belonging 
to some of the species described above. 

Several small astragali (fig. 15) obtained at different localities are 
apparently to be referred to the same form, which is possibly a 
species of Tephrocyon. ‘They are characterized by a sharply-defined 
shelf at the anterior end of the trochlea and by the rather marked 
lateral twist of the neck. 

An astragalus representing another type of canid is shown in 
figure 16. 


INDETERMINATE HUMERI 


The distal end of a carnivore humerus from Virgin Valley (no. 
10650) and one from Thousand Creek (no. 12553) represent two 
distinct generic types. Both may be feline or they may both repre- 
sent a primitive dog-like form. 

In specimen 10650 (fig. 14) the broad distal region of the humerus 
shows a strongly developed inner condyle and supinator ridge, and a 
large supracondyloid foramen is present. The supinator ridge 
extends upward as a sharp ridge to the narrowest portion of the 
shaft, where the bone is broken off. 

In specimen no. 12553 the distal end is no wider than in no. 10650, 
and the shaft is much smaller, but the anteroposterior diameter of 
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Fic. 14. Distal end of humerus. Genus indet. No. 10650, natural size. Virgin Valley 
Beds, Virgin Valley, Nevada. 


Fic. 15. Astragalus of small canid. Zephrocyon(?). No. 12547, natural size. Thou- 
and Creek Beds ?, Thousand Creek, Nevada. 


Fic. 16. Astragalus of canid. No. 19410, natural size. Thousand Creek Beds, Thou- 
sand Creek, Nevada. 


Fic. 17. Felis, sp. 6. Astragalus. No. 12546, natural size. Thousand Creek Beds, 
Thousand Creek, Nevada. 


Fic. 18. Felis, sp. a. Terminal phalange. No. 12551, natural size. Thousand Creek 
Beds, Thousand Creek, Nevada. 


Fic. 19. Felis, sp. a. Astragalus. No. 19411, natural size. Thousand Creek Beds, 
Thousand Creek, Nevada. 
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the trochlea is much greater. The olecranon fossa is also much 
larger than in no. 10650. 


MEASUREMENTS OF HUMERUS 
No. 10650 No. 12553 


Greatestawic Envotaistalvendenmner ia yniets erin aici ey ees 35.8 mm. 
Width from bottom of trochlear groove to extreme outer side...... 18.4 18.4 
Least anteroposterior diameter of trochlea..................... 8.2 11.6 
Width measured from middle of lower end of supracondyloid 
foramenstoroutercondylen nea ei er neiet ee aleeie ieee Dilys 27. 
Anteroposterior diameter of shaft forty-five millimeters above 
thevdistalvenduyempy a rocn actaciaGie wa ti cslublers sled aie ts Waele. 12.4 10. 
PROCYONIDAE 


PROBASSARISCUS ANTIQUUS MATTHEWI, new genus and new variety 


Type specimen no. 12539, Univ. Calif. Col. Vert. Palae. From 
the Virgin Valley Beds; locality 1095, Virgin Valley, Humboldt 
County, Nevada. 

Probassariscus, new genus. Characterized by the presence of a 
well-developed paraconid ridge on Mz, and by the greater width of 
the heel and better development of the entoconid region of Mz than 
in Bassariscus. 

In the collections from Virgin Valley there is a single lower jaw 
fragment, with the posterior four teeth (figs. 21¢ and 214), which 
represents a form closely related to the form described as Bassariscus 
antiquus from the Snake Creek Beds of western Nebraska.” The 
differences in dimensions which appear are not considered for the 
present as indicating more than a varietal separation from the 
Snake Creek species. The Virgin Valley form is named in honor 
of Dr. W. D. Matthew. 

The jaw fragment represents an animal of approximately the 
same size as the Recent B. astuta. The mandible is slightly higher 
than that of the Recent specimens used for comparison, but is not 
thicker. A large mental foramen is present below the middle of 
P;. A much smaller foramen is present in B. astuta under the 
anterior root of this tooth. 

In the inferior dental series of the specimen from Virgin Valley, 
Mis absolutely smaller and M2 absolutely larger than in the living 
species, and Mz is relatively considerably larger than in either the 
Recent species or the form from the Snake Creek Beds. 

P; is represented only by alveoli of the two roots. P, is slightly 
larger than in the modern B. astuta. The crown is not satisfac- 


10 Matthew, W. D., & Cook, H. J., Bull. Am. Mus. Nat. Hist., vol. 26, p. 377, 1909. 
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torily shown, but the posterior cusp seems to have been wider than 
in the living species. 

M, is unfortunately considerably worn, but is evidently closely 
similar in form to the corresponding tooth of the living species. 


3 pie 
TT (( Cis OM ay 
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Fies. 21a and 21d. Probassariscus antiquus matthewi, n. gen. and n. var. Mandible with 
dentition. Type specimen, no. 12539, natural size. Virgin Valley Beds. Virgin Valley, 
Nevada. Fig. 21a, outer side; fig. 214, superior view. 

Figs. 224 and 226. Mustela furlongi,n.sp. Fragment of mandible with M;. Type spec- 
imen, no. 12540, X 2. Thousand Creek Beds, Thousand Creek, Nevada. Fig. 22a, 
outer side; fig. 224, superior view. 

Fics. 234 anp 234. Mustelid, indet. Fragment of lower jaw. No. 12555, natural size. 
Thousand Creek Beds, Thousand Creek, Nevada. Fig. 232, outer side; fig. 234, superior 
side. 


The paraconid is possibly slightly thicker transversely, or is turned 
so that its blade is more nearly transverse to the anteroposterior 
axis of the tooth. 
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M, differs from the corresponding tooth of B. astuta in its rela- 
tively larger size, and in the presence of a distinct paraconid ridge. 
Owing to the worn condition of this tooth it is not possible to deter- 
mine exactly the stage of development of the paraconid. A para- 
conid is also shown in the illustration of the type specimen of P. 
antiquus from Snake Creek. The talonid region differs from that of 
B. astuta in its greater width. The form and position of the tuber- 
cles are much the same as in the Recent species, excepting that the 
region of the entoconid is more elevated and is separated from the 
metaconid by a sharp fissure. 

The Virgin Valley specimen is certainly closely related to that 
described by Matthew and Cook from the Snake Creek Beds. In 
both forms the paraconid is present on Ms, whereas it is absent 
entirely in the living species. Mb 1s also relatively large compared 
with the inferior carnassial in both. 

Occurrence: Virgin Valley Beds; locality 1095, Virgin Valley, 
Humboldt County, Nevada. 


MEASUREMENTS 
P. antiquus P. antiquus B. astuta 
matthewt 

Weng thwrascon Mohn clusivienmen: sane esr 17.6 mm. 17.4 17.3 
Depthvotijawabclows Vinge aee neice ies Oe 6.8 
JE2y, AUN CARO) LOCA HIO? GPENINEARA, «5.005 06d0000000088 Dod me No 
Mavanteropostenlonadiametermsesr renee ae: 6.8 Hi) ES 
Mh, greatest transverse diameter............... 3.8 3.8 Soh 
Mo wanteropostenon diametenn msi ei- 3)09) Do!) Dol 
Moeteatestthansverserdiameter ny. raecaect 3.5 O68) oF 

URSIDAE(?) 


URSUS(?), sp. 

A large terminal phalange, no. 12554 (fig. 20), from the Thousand 
Creek Beds at locality 1100 at Thousand Creek, closely resembles 
the terminal phalanges of the bears, but may represent a very large 
canid form. 


MUSTELIDAE 


MUSTELA FURLONGI, Nn. Sp. 


Type specimen, a lower jaw fragment with complete carnassial 
tooth, no. 12540, Univ. Calif. Col. Vert. Palae. From Thousand 
Creek Beds; locality 1103, Thousand Creek, Humboldt County, 
Nevada. 
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In the collections from near Thousand Creek there are two frag- 
ments of lower jaws with carnassials which represent an exceedingly 
small musteline species. The mandible of the smaller specimen 
measures only about three and one-half millimeters in height below 
the carnassial. The jaws are also apparently rather slender, and 
the anterior end of the masseteric fossa does not extend as far for- 
ward as in most of the modern forms. (See figs. 22a and 220.) 

M: possesses a well developed metaconid and a long basin-like 
heel. ‘The metaconid is relatively a little larger than in the modern 
species of Mustela. The long, wide heel is bordered by a prominent 
horseshoe-shaped marginal wall. Mb is not present, but the tooth 
must have been much reduced, as the alveolus for the single root is 
small. Pu, as shown in specimen 12540, is two-rooted. 

This species is somewhat more primitive than the Recent Mustela 
in the form of the trigonid of My, while the inner wall of the heel of 


20 


Fic. 20. Ursus(?), sp. Terminal phalange. No. 12554, natural size. Thousand Creek 
Beds, Thousand Creek, Nevada. 


ae 


this tooth is somewhat higher. More complete material may show 
that this form is generically distinct from the species grouped under 
the typical Mustela. In view of its evident close relationship to 
these forms it may be classed with them until more material is 
obtained. 

Occurrence: Thousand Creek Beds; locality 1103, Thousand 
Creek, Humboldt County, Nevada. 


MEASUREMENTS 
No. 12541 No. 12540 
Height of mandible below protoconid of Mj................... 4.3mm 3.4 
IMisanteroposteriondiameter ane eo eEe ee nerer One rcr Cie 5.8 Doll 
Mp stransversey diame ter yey ye ywL Ui eehiel eed en areas pectipbNis ata ate 48) 2. 
Miwantereposterionmdiameter.of eel Wanner ener aan ae ener i Doll 1.6 
Mewanteroposteriondiameter of alycoluSe ere rne ner een een: 1Lo®) 1.4 


MUSTELID(?), indet. 


The posterior half of a lower jaw (no. 12555, figs. 23a and 236) 
lacking the teeth and the coronoid process possibly represents a 


VIRGIN VALLEY AND THOUSAND CREEK: VERTEBRATE FAUNAS 999 


large mustelid form. The inferior margin of the mandible is more 
strongly convex below the anterior region of the masseteric fossa 
than in most of the existing mustelids, but approximates the form in 
Potamotherium lacota in this respect. The angle is broad and much 
flattened inferiorly, and approaches the condyle very closely. The 
masseteric fossa is short and deep. ‘The dental foramen is situated 
only a short distance below a line connecting the posterior margin 
of the alveolus of the last molar and the inferior border of the 
condyle. 

The alveoli of two molars are present. The posterior tooth was 
two-rooted and situated slightly transverse to the anteroposterior 
axis of the jaw. ‘The posterior portion of this tooth rested partly 
on a distinct inwardly projecting prominence of the alveolar margin 
which extends well behind the anterior border of the coronoid 
process. On the second tooth from the posterior end of the inferior 
series the posterior root was circular in cross-section and consider- 
ably flared above. The anterior root is narrowed anteroposteriorly, 
and stands transverse to the long axis of the jaw. The form of the 
anterior root of this tooth is not that below the ordinary cutting 
blade on the trigonid region of M; in most carnivores. Either this 
alveolus represents the anterior root of a Ms, in which case M; 
would also be two-rooted, or the carnassial was short and the tri- 
gonid portion of a distinctly crushing type. As the Jaw was evi- 
dently short and massive it is improbable that a two-rooted M; was 
present; in other words the carnassial was presumably of a crushing 
type. 

With the information available it is not advisable to attempt a 
definite correlation of this form with any known type. It is perhaps 
significant that Matthew and Cook describe, from the Snake Creek 
Pliocene, a mustelid which differs from Potamotherium in the pres- 
ence of a two-rooted Mb. 

Occurrence: Thousand Creek Beds; locality 1103, Thousand 
Creek, Humboldt County, Nevada. 


FELIDAE 
FELIS, Sp. d. 


Numerous isolated limb bones including astragali, a calcaneum, 
phalanges, metatarsals, and portions of the radius and ulna repre- 
sent a large feline form exceeding average specimens of the Recent 
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African lion in size. (See figs. 18 and 19.) These specimens are 
comparable to the fragmentary material described from the Snake 
Creek Beds by Matthew and Cook, or to the large cats described 
as Felis maxima by Scott and Osborn", from the Loup Fork of 
Kansas. 

Judging from the number of loose fragments found, this species, 
or group of species, was not uncommon in the Virgin Valley and 
Thousand Creek faunas and seems to have been an important 
element in the West-American Carnivora at this time. 

Whether the species represented by the material at hand was 
machaerodont or typically feline is not definitely determined. 

Occurrence: Virgin Valley Beds; locality 1064, Virgin Valley, 
Nevada; Thousand Creek Beds; locality 1063, 1096, 1097, 1099, 
1100, 1101, Thousand Creek, Humboldt County, Nevada. 


MEASUREMENTS 

Ulna, no. 12552. 

Least anteroposterior diameter behind sigmoid cavity.............. 38.4 mm. 

Anteroposterior diameter measured across the coronoid process...... 63.5 
Astragalus, no. 11891. 

Gteatestianteropostenonudiametetae naa. or hen enn lenny ee 63.5 

Greatestiwidthvacrossmtheltrochleamm nee Mae er aren ier eit 43. 

Teengeh) ofeach cee) ae hae Glico) teenie aueme lara Sie Men Sa We ea 24.5 
Astragalus, no. 12548. 

Greatestianteropesteniotadiametel Pere entre neEe er Or en tain ae 60.5 

CGreatestawidthiactoss;thestrochleamanmnn a seinen eee ee eee 42. 

Wenethiiofime ck) vases tous a) i) apap INA LT lr ANAL URE Aen Pan Mi eS 
Metatarsal II, no. 12549. 

Anteropostenondiameteronproximalen dane ny rhe Eerie rae 35.8 

iliransverserdiameteronmiddlerotshakten es een eae ecee creer ie 16. 
Metatarsal III, no. 12550. 

Anteroposteriondiametenonproximaliende aaa erie tani re 40. 

Transverse diameter of shaft immediately below lateral articular 

faces oftiproximalendi nei iae aorta. aleve gener terre yarn AOR ee 20.8 


Phalange III, no. 12551. 
Height of phalange from lower side of basal process to summit of 
core) (exclusive oMhood) ev iinie MeN Wien aie bOUe uate pe oe ne girmMNAe Mere 63.7 
Greatest transverse diameter of middle region of phalange........... 24.2 


FELIS, sp. 0 


A broken astragalus and a middle phalange, no. 12546, from the 
Thousand Creek region represent a feline species about as large as 
the existing cougar (see fig. 17). 


11 Scott, W. B., and Osborn, H. F., Bull. Mus. Comp. Zool., vol. 20, p. 70, 1890. 


——— 
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MEASUREMENTS OF AsTRAGALUS, No. 12546 


Greatesmantelopostenlomalametcrann aan rey Gist cere Pr iseiey ry suas 32.8 mm. 
(Graawese Gaeldly AG OSS ne) Grodan wid oo boo oWddeeovussie wees docsoeees 19, 


Occurrence: Thousand Creek Beds; locality 1104, Thousand 
Creek, Humboldt County, Nevada. 


RopENTIA 


The numerous rodent forms in the fauna of Virgin Valley and 
Thousand Creek have already been described by Miss Louise 
Kellogg? and by Mr. E. L. Furlong." Fifteen species are listed by 
Miss Kellogg, of which five occur at Virgin Valley and thirteen at 
Thousand Creek. Three species, Zplodontia alexandrae, Mylagau- 
lus monodon, and Lepus vetus are common to the two faunas. 

The species are distributed as follows: 


Virgin Valley Thousand Creek 
Aplodontia alexandrae Furlong. Arctomys nevadensis Kellogg. 
Mylagaulus monodon Cope. Arctomys minor Kellogg. 
Mylagaulus pristinus Douglass Citellus, sp. 

Palaeolagus nevadensis Kellogg. Aplodontia alexandrae Furlong. 
Lepus vetus Kellogg. Mylagaulus monodon Cope. 


Eucastor leconteit (Merriam, J. C.)? 
Dipoides, sp. 

Entoptychus minimus Kellogg. 
Peromyscus antiquus Kellogg. 
Peromyscus(?), sp. 

Diprionomys parvus Kellogg. 
Diprionomys magnus Kellogg. 
Lepus vetus Kellogg. 


SCIURIDAE 


ARCTOMYS NEVADENSIS Kellogg 


Arctomys nevadensis Kellogg, Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, p. 422, 
figs. la to 2, 1910. 


Occurrence: Thousand Creek Beds, Thousand Creek, Humboldt 
County, Nevada. 


22 Rodent Fauna of the Late Tertiary Beds at Virgin Valley and Thousand Creek, Nevada, 
Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, pp. 421-437, 1910. 

18 An Aplodont Rodent from the Tertiary of Nevada, Univ. Calif. Publ. Bull. Dept. Geol., 
vol. 5, pp. 397-403, 1910. 
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ARCTOMYS MINOR Kellogg 


Arctomys minor Kellogg, Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, p. 425, 
figs. 3 to 7, 1910. 


Occurrence: Thousand Creek Beds, Thousand Creek, Humboldt 
County, Nevada. 
CITELLUS, sp. 


Citellus, sp., Kellogg, Miss Louise, Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, 
p. 427, fig. 8, 1910. 


A fragmentary specimen comprising a part of the lower jaw with 
M, apparently represents this genus. 

Occurrence: Thousand Creek Beds, Thousand Creek, Humboldt 
County, Nevada. 


APLODONTIDAE 
APLODONTIA ALEXANDRAE Furlong 


Aplodontia alexandrae Furlong, Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, 
pp. 397-403, figs. 1 to 5c, 1910. 


Occurrence: Rare in Virgin Valley Beds, Virgin Valley, Nevada; 
numerous specimens found in the Thousand Creek Beds, Thousand 
Creek, Humboldt County, Nevada. 

MYLAGAULIDAE 
MYLAGAULUS MONODON Cope 


Mylagaulus monodon, Kellogg, Miss Louise, Univ. Calif. Publ. Bull. Dept. 
Geol., vol. 5, p. 427, figs. 94 to 104, 1910. 


Occurrence: Virgin Valley Beds, Virgin Valley, Nevada; Thou- 
sand Creek Beds, Thousand Creek, Humboldt County, Nevada. 
MYLAGAULUS PRISTINUS Douglass 


Mylagaulus pristinus, Kellogg, Miss Louise, Univ. Calif. Publ. Bull. Dept. 
Geol., vol. 5, p. 429, figs. 11@ to 124, 1910. 


Occurrence: Virgin Valley Beds, Virgin Valley, Humboldt County, 
Nevada. 
CASTORIDAE 
EUCASTOR LECONTEI (Merriam, J. C.) 


Eucastor lecontei (Merriam), Kellogg, Miss Louise, Univ. Calif. Publ. Bull. 
Dept. Geol., vol. 5, p. 430, fig. 13, 1910. 


Occurrence: Thousand Creek Beds ?, at Thousand Creek, Hum- 
boldt County, Nevada. 
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DIPOIDES, Sp. 


Dipoides, sp., Kellogg, Miss Louise, Univ. Calif. Publ. Bull. Dept. Geol., 
vol. 5, p. 431, fig. 14, 1910. 


Occurrence: Thousand Creek Beds, Thousand Creek, Humboldt 
County, Nevada. 
GEOMYIDAE 
ENTOPTYCHUS MINIMUS Kellogg 


Entoptychus minimus Kellogg, Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, 
p. 431, fig. 15, 1910. 


Occurrence: Thousand Creek Beds, Thousand Creek, Humboldt 
County, Nevada. 
CRICETIDAE 
PEROMYSCUS ANTIQUUS Kellogg 


Peromyscus antiquus Kellogg, Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, 
p-. 433, fig. 16, 1910. 


Occurrence: Thousand Creek Beds, Thousand Creek, Humboldt 
County, Nevada. 


PEROMYSCUS(?), sp. 


Peromyscus(?), sp., Kellogg, Miss Louise, Univ. Calif. Publ. Bull. Dept. 
Geol., vol. 5, p. 433, 1910. 


Occurrence: Thousand Creek Beds, Thousand Creek, Humboldt 
County, Nevada. 
HETEROMYIDAE 


DIPRIONOMYS PARVUS Kellogg 


Diprionomys parous Kellogg, Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, 
p. 433, figs. 17¢ and 174, 1910. 


Occurrence: Thousand Creek Beds, Thousand Creek, Humboldt 
County, Nevada. 


DIPRIONOMYS MAGNUS Kellogg 


Diprionomys magnus Kellogg, Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, 
p. 434, fig. 18, 1910. 


Occurrence: Thousand Creek Beds, Thousand Creek, Humboldt 
County, Nevada. 
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LEPORIDAE 
PALAEOLAGUS NEVADENSIS Kellogg 


Palaeolagus nevadensis Kellogg, Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, 
p. 435, figs. 19¢ and 194, 1910. 
Occurrence: Virgin Valley Beds, Virgin Valley, Humboldt County, 
Nevada. 


LEPUS VETUS Kellogg 


Lepus vetus Kellogg, Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, p. 436° 
fig. 20, 1910. 


Occurrence: Virgin Valley Beds, Virgin Valley, Nevada; Thou- 
sand Creek Beds, Thousand Creek, Humboldt County, Nevada. 


UNGULATA 
EQUIDAE 


Remains of horses are among the most common fossils at both 
Virgin Valley and Thousand Creek. In the small collection of 
fragmentary material obtained by Mr. Smith and the writer in 1906 
Mr. Gidley“ found at least five species represented. The material 
obtained during the past season unfortunately consists only of 
scattered teeth and limb bones. It is, however, sufficient to add 
considerably to what has been known regarding this group. 

The forms present represent the genera Hypohippus, Parahippus, 
Merychippus, Pliohippus(?), and possibly Equus. 

An examination of the collection according to localities shows 
that Hypohippus, Parahippus and Merychippus are found only in 
the Virgin Valley Beds, and do not appear at all in the deposits at 
Thousand Creek, while Pliohippus(?) and Equus are found at 
Thousand Creek and not in Virgin Valley. 


HYPOHIPPUS, near OSBORNI Gidley 


There is a considerable number of specimens of teeth and limb- 
bones which are to be referred to this genus. The specific characters, 
so far as determinable, represent a form combining to some extent 


the characters of Hypohippus equinus of the Deep River Beds of 


14 Gidley, J. W., Notes on a Small Collection of Fossil Mammals from Virgin Valley, 
Nevada, Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, pp. 235-246, 1908. 


— .- 
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Montana and H. osborni from the Pawnee Creek Beds of Colorado. 
Until both the typical Great Plains species and the Virgin Valley 
forms are better known a final judgment on the specific determina- 
tion of the Nevada species may best be postponed. 

A lower jaw, no. 10655, with the milk molars and a portion of the 
first permanent molar in the process of eruption was referred ten- 
tatively to H. equinus (Scott) by Gidley.“ As this specimen was 
represented principally by the lower milk dentition which had not 
been known before, an exact comparison with the known species 
was very difficult. As shown by Gidley the lower milk molars of 
Hypohippus, as represented by this form, are distinguished from 
those of Mesohippus by the heavier and better developed external 
basal cingula, the protoconid and hypoconid being fuller and wider 
transversely, and the teeth more specialized in general. Especially 
is the advanced development noticeable in lower milk molar two in 
Hypohippus “in which the anterior external cusp has attained a 
completely crescentic form similar to that of the posterior cusp, 
while in Mesohippus this tooth has but one crescent, or V, the 
posterior one.” 

M,, the only permanent tooth represented in specimen 10665, 
described by Gidley, is slightly larger than the teeth of H. equinus 
and is a little smaller than in H. affinis. It is of almost exactly 
the same size, according to the figure, as that of an unnamed species 
of Hypohippus described by Gidley'® from the Loup Fork of South 
Dakota. 

The permanent inferior cheek-tooth dentition of a species of 
Hypohippus apparently identical with the form described by Gidley 
is exhibited in several specimens. A lower jaw (no. 12587, figs. 
28a and 284) shows all of the lower molars and premolars perfectly 
preserved excepting a small portion of M; and P;. A series of three 
perfectly preserved teeth (no. 11760, figs. 26 and 27), found together, 
represent molars one to three of another individual. 

In general the teeth of specimen 12587 resemble the inferior series 
of H. equinus as figured and described by Scott. They differ in 
their relatively greater width and in the smaller size of P;. The 
posterior region of the median internal, or metaconid, pillars is not 
distinctly angular as in H. equinus as figured by Scott. This 


1° Op. cit., p. 236. 
16 Gidley, J. W., Bull. Amer. Mus. Nat. Hist., vol. 22, p. 136, 1906. 
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difference may be due in part to wear. On P3, Ps, and M; a very 
small tubercle appears on the inner side between the metaconid and 
entoconid. In M, and M, there is no suggestion of a groove sepa- 
rating a metastylid from the metaconid. ‘There is in fact no distinct 


Fic. 24. Hypohippus, sp. Upper molar. No. 12564, natural size. Virgin Valley Beds, 


Virgin Valley, Nevada. 
Fic. 25. Hypohippus, near osborni Gidley. Upper molar. No. 11570, natural size. 


Virgin Valley Beds, Virgin Valley, Nevada. 
Fic. 26. Hypohippus, near osborni Gidley. My to Ms, occlusal view. No. 11760, nat- 


ural size. Virgin Valley Beds, Virgin Valley, Nevada. 
Fic. 27. Same as fig. 26, outer side, natural size. 


metastylid present. The external cingulum is quite strongly 


developed. 
The three molars comprising no. 11760 show apparently the same 
dimensions as no. 12587. The posterior region of the metaconid 1s 
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distinctly angular as in H. equinus, the hypostylid is a little more 
prominent than in no. 12587 and the small tubercle is not present 
between the inner borders of the metaconid and entoconid. Though 
distinguished by the slight difference Just mentioned it is hardly 
probable that these two forms are specifically separable. 

A well preserved upper molar one or two (no. 11570, fig. 25) repre- 
sents a form of Hypohippus in which the teeth appear to be rela- 
tively somewhat narrower anteroposteriorly than in H. equinus, 
and in this respect approach the type of H. osborni. 


Fics. 284 anp 286. Hypohippus, near osborni Gidley. Lower jaw with dentition. No. 
12587, X 3. Virgin Valley Beds, Virgin Valley, Nevada. Fig. 282, outer side; fig. 284, 
superior view. 


An upper molar specimen (no. 12564, fig. 24) is apparently iden- 
tical in size with M; of H. osborni. The abruptness of the walls 
surrounding the impressed areas on the outer side of the paracone 
and metacone is so different from the much more gently curving 
lines of the outer side of tooth no. 11570 as to suggest that the two 
teeth represent different species; they may, however, belong to the 
same form. 
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From such evidence as is available it seems probable that none 
of the specimens of Hypohippus from the Virgin Valley region are 
identical with H. equinus though, as suggested by Gidley, the differ- 
ence is very slight. The upper molar represented in no. 12564 is 
apparently near to H. osborni, but not actually identical with it. 
The lower molars of series no. 11760 differ quite distinctly from H. 
equinus in width and in the smaller size of P:. According to the 
measurements which Dr. W. D. Matthew has kindly furnished, 
the lower molars of H. osborni show relatively greater width than in 
H. equinus, as in the upper molars. The lower molars of the 
Virgin Valley forms are somewhat larger but especially wider than 
those of H. equinus. They are somewhat smaller than the corre- 
sponding teeth of the type specimen of H. osborni, but approach 
this form a little more closely than to H. equinus. 


MEASUREMENTS 
H. H. equt- 
osborni* nus H.afinis No.12587 No. 11570 No. 12564 
P3, anteroposterior diameter...... 25.7 mm. 25 
Ps: transverse diameter. )..-.4..- 28.7 27 
P4, anteroposterior diameter...... Dill DS 
P4 transverse diameter. .....-..: 29.9 26 
M1}, anteroposterior diameter..... 27.2 25 
MN transverserdiametenae ne eon 31. 28 
M?, anteroposterior diameter..... Io 25 23.1 
M?, transverse diameter.......... 31.5 27 28.6 
M3, anteroposterior diameter..... DAN. 21 Dil 
M3, transverse diameter......... 27.8 22 Die 
No. 11760 No. 10665 

Length of inferior premolar series. 76.5 78 ie 
Pj, anteroposterior diameter...... 8.5 13 7.42 
Pi, transverse diameter.......... 6.2 6 
P2, anteroposterior diameter...... 24.2 21 22.8 
Bayitransverse diameter eer 14.5 9 14.5 
P3, anteroposterior diameter...... 239) MD | Bs Drell 
Bz, transverse diameter. 97). 4 en: 17.4 13 20. Mod 
P,, anteroposterior diameter. ..... 24. 22 Df) DS 
P,, transverse diameter.......... 19.4 14 2 18.6 
M,, anteroposterior diameter..... TS) 68) 23 RS pac, WD) oP) 
My, transverse diameter......... 18.1 14 20. 16. 16.5 15.8 
Mbp, anteroposterior diameter..... B08) 22 Me DiS 
Mb, transverse diameter......... 16.2 12 14.4 15.4 
Ms, anteroposterior diameter..... 2083 25 D3) 
Ms, transverse diameter......... US. 10 13. 1 3}92 


* The dimensions of the inferior dentition were kindly furnished by Dr. W. D. Matthew. 
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PARAHIPPUS, compare AvusS (Marsh) 


Several lower cheek teeth from Virgin Valley (figs. 29a to 29c) 
represent a species of Parahippus larger than Parahippus crenidens 
of the Deep River Beds or P. brevidens of the Mascall, but corre- 
sponding approximately in size to P. nebrascensis described by 
Peterson!’ from the upper Harrison Beds. This species should be 
compared with the doubtful Parahippus avus (Marsh) from the 
Mascall. 

The crowns of the lower cheek teeth are short and the enamel 
is quite rough. On all of the specimens there is evidence of a con- 
siderable covering of cement. On the outer side there is a distinct 
shelf developed on the cingulum, and a small basal tubercle is present 
between the protoconid and hypoconid. The metaconid and 
metastylid pillars are distinctly separated. The entoconid pillar 
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Fics. 29a to 29¢. Parahippus, compare avus (Marsh). No. 19403, natural size. Fig. 
29a, outer view; fig. 294, occlusal view; fig. 29c, inner view. Virgin Valley Beds, Virgin 
Valley, Nevada. 


is also large and the entostylid is well developed. The development 
of the metaconid, metastylid, and entoconid pillars tends to narrow 
the inner ends of the anterior and posterior valleys much more than 
in Hypohippus. A characteristic feature of all of these specimens is 
seen in a small but distinctly developed fold on the posterior side 
of the ridge of the hypoconid extending toward the metastylid. 

This form is evidently the least common of the Virgin Valley 
horses, Merychippus having been the most abundant, and Hypo- 
hippus more common than Parahippus. 

Occurrence: Virgin Valley Beds; localities 1090 and 1095; Virgin 
Valley, Humboldt County, Nevada. 


MEASUREMENTS 
Inferior cheek tooth, P4? 
ANMETRO OTA TO? GHENONALA? CL EKOYANS Jolgcogsedcnoodvgsdoccodvapanec 20.5 mm. 
Greatestitransverse diameter OMCrOowNe. wah eo ee oe ene oe 16.7 
Height of slightly worn crown, measured at metaconid................ 11.9 


17 Peterson, O. A., Ann. Carneg. Mus., vol. 4, p. 57, 1906. 
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MERYCHIPPUS, near ISONESUS (Cope) 


Teeth of Merychippus are the most common remains of fossil 
horses in Virgin Valley, where they occur in association with those 
of Hypohippus. ‘They are found also at High Rock Cafion, farther 
to the south, but have not been seen in the beds at Thousand Creek. 

In the collections obtained at Virgin Valley in 1906 Gidley! has 
recognized four forms of Merychippus teeth. ‘These included a 
form referred provisionally to Merychippus isonesus (Cope), a 
second species (Gidley, species indet. 1) considered as possibly 
representing a new form of Merychippus with Protohippus affinities, 
a third (Gidley, species indet. 2) which was compared with Mery- 
chippus seversus (Cope), and a fourth (Gidley, species indet. 3) 
represented by a comparatively higher and straighter crowned form 
than the others. 

In the larger collections now available from Virgin Valley the 
several forms present do not appear to represent any types other 
‘than those referred to by Gidley. Unfortunately the material 
nearly all consists of scattered teeth, excepting a few fragments of 
lower jaws with teeth. As the lower teeth are not associated with 
the upper dentition it is not possible to determine with certainty 
their relation to the forms described by Gidley, which were all repre- 
sented by upper teeth. Taking into consideration the variability 
of hypsodont molar teeth of horses, it does not seem advisable to 
attempt a definite characterization of the species of Merychippus 
from the Virgin Valley region until some of the several forms present 
in this fauna are represented by more complete material than is now 
available. 

Teeth of the forms referred to M. isonesus (Cope) (figs. 30a, 308, 
34a, and 346) are the most common remains of Equidae in the Virgin 
Valley Beds. 

Occurrence: Virgin Valley Beds at Virgin Valley and High Rock 
Cafion, Humboldt County, Nevada. 


MERYCHIPPUS, near SEVERSUS (Cope) 


A small form of Merychippus approximating the type of M. 
seversus (Cope) appears rarely in the beds at Virgin Valley, and is 
represented by several specimens occurring at High Rock Cafion 


8 Gidley, J. W., Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, p. 238, 1908. 
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in association with a larger Merychippus and a species of 


Hypohippus. 
Occurrence: Virgin Valley Beds at Virgin Valley and at High 
Rock Cafion, Humboldt County, Nevada. 
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No. 11862, natural size. Vir- 


33 
Fics. 302 anp 30b. Merychippus, near isonesus (Cope). 
Fig. 30a, occlusal view; fig. 304, outer view. 


gin Valley Beds, Virgin Valley, Nevada. 
Fics. 31a anp 316. Pliohippus(?), sp. Superior molar. No. 12582, natural size. ‘Thou- 
Fig. 31a, posterior side; fig. 314, occlusal view. 


sand Creek Beds, Thousand Creek, Nevada. 
Fics. 32¢ anp 326. Equus(?), sp.; or Neohipparion(?), sp. Superior molar. No. 12581, 
Thousand Creek Beds(?), Thousand Creek, Nevada. Fig. 32a, outer side; 


natural size. 
fig. 32, occlusal view. 
Fic. 33. Merychippus, sp. Superior milk molars. No. 19412, natural size. Soldier 


Meadows, Humboldt County, Nevada. 
PLIOHIPPUS(?), Sp. 

At several localities in the Thousand Creek region remains were 
found representing an equine form much larger than the Merychip- 
pus species of Virgin Valley. The heavily cemented upper molars 
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are in most of the specimens (figs. 314 and 310) a little shorter than 
in typical species of Eguus, and show the strong curvature of Plio- 
hippus. The wide enamel lakes show a moderate degree of plication. 
These teeth correspond in general with the type which is recognized 
by Gidley and by Matthew as Pliohippus. It would not however 
be entirely safe to refer them certainly to this group until more 
complete material is available. They may certainly be included 
within the limits of Pliohippus and Protohippus taken together. 


Fics. 34a anp 346. Merychippus, near isonesus (Cope). Inferior cheek tooth. No. 
11690, natural size. Virgin Valley Beds, Virgin Valley, Nevada. Fig. 34a, outer side; 
fig. 344, occlusal view. 

Fig. 35. Pliohippus(?), sp. Inferior molar. No. 19413, outer side, natural size. Thou- 
sand Creek Beds, Thousand Creek, Nevada. 

Fic. 36. Eguus(?), sp. Inferior molar. No. 19414, outer side, natural size. Thousand 
Creek Beds, Thousand Creek, Nevada. 


The pattern of the enamel presents peculiarities which may dis- 
tinguish this form from other described species, but with the frag- 
mentary material available it is not advisable to do more than char- 
acterize the type found here as apparently slightly different from 
the known species. 

Remains of the Pliohippus type are the characteristic represent- 
atives of the Equidae in the Thousand Creek Beds. 
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EQUUS(?), sp. 

At some of the localities at which teeth referred to Pliohippus(?) 
were collected a number of larger equine molars (figs. 32a, 324, and 
36) have been found in which the characters approach those of 
Equus. ‘The crowns are longer and straighter and the fossets are 
relatively narrower transversely than in the specimens referred to 
Pliohippus. ‘The character of the enamel folds on the posterior 
. side of the prefossette and the anterior side of the postfossette is 
different from those in the forms referred to Pliohippus. In most 
of the characters in which these teeth differ from the specimens 
referred to Pliohippus they approach Eguus. Relationship to 
Neohipparion can not be disproved, as the protocone region is not 
preserved in any of the specimens. The presence of a number of 
large, heavy astragali of the Eguus type in the Thousand Creek 
region lends some support to the view that the large molar teeth 
represent that genus. It is also possible that these forms represent 
an Equus derived from a terrace formation of Pleistocene age which 
has possibly been laid down over the Thousand Creek Beds. In 
some of the localities at which these specimens were found there is 
distinct evidence of terracing, but no deposits have been recognized 
which are distinguishable from the Thousand Creek Beds into which 
the terraces are cut. 


RHINOCEROTIDAE 


Numerous scattered remains of rhinoceroses were found both at 
Virgin Valley and at Thousand Creek. The specimens consist 
mainly of loose foot-bones, with a few teeth and parts of jaws. 
None of the specimens seem to the writer to be definitely deter- 
minable. 


APHELOPS(?), sp. 


A last upper molar and a portion of a lower jaw with the dentition 
(figs. 37 and 38), and several astragali from Virgin Valley are ten- 
tatively referred to Aphelops. 


TELEOCERAS(?), sp. 


In the Thousand Creek Beds many scattered limb-bones of 
rhinoceroses were obtained, but no teeth appear in the collections 
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from these beds. From the limb elements, particularly the meta- 
podials and the astragali, it is evident that the common rhinoceroses 
of Thousand Creek are different from the common forms of Virgin 
Valley, and evidently represent a form near Teleoceras. It is not 
improbable that more than one form is represented at Thousand 


Creek. 


Fic. 37. Aphelops(?), sp. Fragment of inferior mandible with dentition. No. 11607, 
xX 4. Virgin Valley Beds, Virgin Valley, Nevada. 

Fic. 38. Aphelops(?), sp. M% No. 11672, X 3. Virgin Valley Beds, Virgin Valley, 
Nevada. 


Fics. 39 to 404. Moropus(?), sp. 

Fic. 39. P*. No. 12596, X 3. Virgin Valley Beds, Virgin Valley, Nevada. 

Fics. 402 anp 403. Inferior molar, M??. No. 12595, X %. Virgin Valley Beds, High 
Rock Cafion, Nevada. Fig. 40a, occlusal view; fig. 400, lateral view. 


CHALICOTHERIDAE 
MOROPUS(?), sp. 


Remains of chalicotheres have been obtained at the lower fossil- 
bearing horizon in Virgin Valley, and associated with a similar fauna 
at High Rock Cafion. Thus far no remains of representatives of 
this family have been seen in the collections from the upper fos- 
siliferous horizons at Virgin Valley or from any of the localities in 
the Thousand Creek region. 

The specimens obtained include a few teeth and a considerable 
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number of foot-bones, which closely resemble the forms referred to 
Moropus Marsh. 

The teeth present include a representation of both the upper and 
lower cheek-tooth series. A lower molar, no. 12595 (figs. 40¢@ and 
40d) is complete excepting for the loss of the most anterior portion 
of the parastylid ridge. Although considerably worn the form 
of this tooth suggests that of Mz in Macrotherium grande. On the 
outer side of the tooth there is a well-marked shelf connecting the 
trigonid and talonid portions. On the outer side of the protoconid a 
slight ridge is developed on the cingulum. On the corresponding 
region of the hypoconid the surface is smooth. Behind the hypo- 
conid region there is a prominent shelf which slopes upward toward 
the distal end of the entoconid region. 


MEASUREMENTS OF LowER Mo tar, Mo2?, No. 12595 


Greatestaa ltehopostenlOomdiameter yaa). eben ae eatin iie) tai es 40.2 mm. 
Greatestackansvelsen@iame tela man mrayerinie cies crete ere os eka yaa ele 19.4 
AnteniompostenotmciametetyOlunee! annette mien rian nie er Whos 


In an upper cheek tooth, no. 12596 (fig. 39), evidently represent- 
ing P*, the ectoloph is comparatively simple as in Moropus elatus. 
The deuterocone is transversely compressed, while the anterior and 
posterior ends of this cusp are connected with the outer ridge. 
A deep pit or valley is formed between the outer and inner ridges 
as in Moropus elatus, but the inner cusp seems a little less like a 
simple crescent than in the corresponding tooth of that species as 
figured by Peterson.!* 


MEAsuREMENTsS OF P4, No. 12596 


Of the limb elements twelve phalangeal bones have been found in 
Virgin Valley and at Little High Rock Cafion. They evidently 
represent both the fore and hind limbs. Two or three specimens are 
apparently proximal phalanges not united with the second phalange. 
One specimen, no. 19406 (fig. 43), shows the union of the first and 
second phalanges. This bone is relatively large and is much more 
compressed laterally than the other specimens. It corresponds in 
form and size with the largest terminal phalange present, and both 


19 Peterson, O. A., Amer. Natur., vol. 41, p. 741, fig. 25, 1907. 
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Fics. 41 to 45¢. Moropus(?), various species. X 3%. Virgin Valley Beds. Fig. 41, 
High Rock Cafion. Figs. 42 to 44, Virgin Valley. Figs. 45a to 45c, Little High Rock Cafion. 

Fic. 41. Calcaneum, superior view. No. 19405. Posterior end incomplete. 

Fic. 42. Astragalus, superior view. No. 19404. 

Fic. 43. Fused phalanges 1 and 2, superior view. No. 19406. 

Fics. 44a anp 446. Terminal phalange. No. 10723. Fig. 44a, lateral view; fig. 444, 
superior view. 

Fics. 45a, 454, anp 45c. Terminal phalange. No. 19407. Fig. 45a, lateral view; fig. 
454, superior view; fig. 45c, inferior view; s.f., subungual foramen; s.p., subungual process. 
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probably belong to digit two of the anterior limb. No specimens 
representing phalange two were found that were not co-ossified with 
the proximal element. 

A very large terminal phalange (no. 19407) from Little High 
Rock Cafion (figs. 45a to 45c) evidently represents digit two of the 
anterior limb. It is high and narrow with a deep terminal cleft. 
A large subungual process is developed, and a large foramen is 
present on the posterior-lateral angle of the process which remains 
entire. The nature of the subungual process and of the accompany- 
ing foramen suggests very strongly the characters of the correspond- 
ing region in the terminal phalanges of the gravigrade edentates. 
The deep terminal cleft and the entire absence of any indication 
of a hood around the basal region of the claw show that this form 
is a chalicothere and not a gravigrade. 

A somewhat similar but smaller and less compressed claw from 
Virgin Valley shows the subungual process less developed. There 
is in this specimen a large foramen on one side of the basal process, 
and a much smaller one on the opposite side. The character of 
the inferior region of the claw in these specimens is not unlike that 
of the specimen of Macrotherium grande figured by Deperet,?° 
though the subungual process appears to be somewhat deeper in the 
specimen from Little High Rock Cajon. 

A third claw (no. 10723) from Virgin Valley (figs. 44a and 444) 
is relatively shorter and thicker and the cleft is deeper. The sub- 
ungual process is scarcely developed and the basal foramina are 
small. This claw is possibly from the posterior limb. It was 
associated with the astragalus and calcaneum. 

The astragalus, no. 19404 (fig. 42), is very short, being sharply 
truncated anterior to the trochlea, so that there is no neck. The 
anterior articular surface shows no distinct articular facet for the 
cuboid. The trochlear surface is broad and the groove fairly deep. 

In the calcaneum, no. 19405 (fig. 41) the sustentacular region is 
very prominent, though the sustentacular face for articulation with 
the astragalus is not extraordinarily large. The external face for 
articulation with the astragalus extends forward almost to the 
anterior end of the bone. It also reaches inward to join the susten- 
tacular face, so that the interosseous ligament did not separate 
them. 


20 Deperet, C., Arch. Mus. Lyon, t. 5, pl. 4, fig. 7a, 1892. 


1018 PUBLISHED PAPERS AND ADDRESSES 


With the material available one does not seem to be justified in 
definitely referring the Virgin Valley chalicotheres to any of the 
known species. Especially is this difficult owing to the fragmentary 
nature of the types of the species, M. distans and M. senex, described 
by Marsh from the John Day region, which is separated by only a 
short distance from Virgin Valley. The Virgin Valley form is 
presumably very near if not identical with some of the forms already 
described. Ifsome of the material from the John Day region should 
prove to have been derived from the Mascall formation there would 
be reason to suspect that the Virgin Valley species is nearly related 
to it. If all of the material from the John Day Valley is from the 
John Day formation specific identity is improbable. 

Occurrence: Virgin Valley Beds, localities 1065 and 1095, Virgin 
Valley, Humboldt County, Nevada; also from High Rock Cafion 
and Little High Rock Cafion, Humboldt County, Nevada. 


PROBOSCIDEA 


MASTODON (TETRABELODON , sp.) 


Remains of proboscideans were found frequently both at Thou- 
sand Creek and Virgin Valley. In Virgin Valley they were obtained 
in the highest horizons in which fossil remains were seen, and also 
occurred well down in the section, though possibly not at the lowest 
horizon at which collections were made. 

The Virgin Valley specimens comprise a number of scattered 
limb-bones, and several cheek teeth with a small part of a tusk. All 
of this material represents a form of the mastodon type, but the 
specimens are not perfect enough to permit an exact determination. 
The size of the tooth fragments indicates that the individuals were 
quite large. A few fragments associated with a specimen found low 
down in the section at Virgin Valley seem to show an enamel band 
along the side of a tusk. A series of almost unworn teeth which 
had broken down and scattered over many square yards of a steep 
hillside in the Virgin Valley Beds of High Rock Cafion was partly 
recovered and pieced together, so that a portion of the form of the 
molars can be represented in figures 46 and 47. 

In the Thousand Creek Beds proboscidean remains are not un- 
common, though nearly always scattered or badly fractured. A 
proboscidean jaw with a portion of the skull (pl. 33) found by Miss 
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Alexander in the beds at Thousand Creek was the only specimen 
obtained that represented more than an isolated element of the 
skeleton. This skull had evidently been broken before it was 
buried, and the part remaining had been unevenly preserved. The 
teeth and a portion of the jaw were preserved without alteration, 
though intersected by very numerous fractures. The remaining 
part of the skull had broken down to a soft pulpy mass which could 
not be satisfactorily preserved. The dentition of this specimen 


Fics. 46 anp 47. Mastodon (TLetrabelodon ?, sp.). Portions of cheek teeth. No. 19445, 
X 3. Virgin Valley Beds, High Rock Cafion, Nevada. 


seems to be of a fairly advanced type, and may represent a tetra- 
lophodont form. Other material from the Thousand Creek Beds 
evidently represents the same form as the specimen found by Miss 
Alexander. 


SUIDAE 
PROSTHENNOPS(?), sp. 


A number of associated bones and teeth (no. 11876) from Thou- 
sand Creek represent a large dicotyline form probably most nearly 
allied to Prosthennops. No exact comparison with the species of 
that genus can be made as the parts present in the Nevada material 
are not well preserved in the available Prosthennops material. 

Two upper premolars are present. The smaller one (a, fig. 53) 
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is nearly triangular in cross-section. It supports a large external 
and a slightly swollen internal tubercle. There is a minute median 
anterior tubercle, but otherwise the cingulum is not well developed 
on the anterior side of the tooth. On the posterior border there is a 
well-developed transverse shelf. This tooth is less advanced than 
P? of Zayassu in that it possesses but a single tubercle on the outer 


border. 


The other premolar (4, fig. 53) is nearly quadrate in cross-section. 
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Fics. 52 to 53a. Prosthennops(?), sp. No. 11876. Thousand Creek Beds, Thousand 
Creek, Nevada. 

Fic. 52. Inferior canine, X 3. 

Fic. 53a, P??, natural size. Fig. 534, P? or P*, tooth tilted slightly toward inner side in 
the figure, natural size. Fig. 53c, M3, natural size. 

Fic. 54. Portion of mandible of a large suilline. No. 19416, X 3. Thousand Creek 
Beds, Thousand Creek, Nevada. 

Fic. 55. Thinohyus(?), sp. M%. No. 11854, natural size. Virgin Valley Beds, Virgin 
Valley, Nevada. 


The tubercles of the anterior pair are nearly equal. The postero- 
external tubercle or tritocone is slightly smaller than the proto- 
cone. In the postero-internal angle three tubercles are developed. 
The anterior of these three may represent the tetartocone, the 
other two belonging to the posterior shelf of the cingulum. This 
tooth corresponds in development approximately to P? of Tayassu. 
The posterior-internal tubercle is smaller than in that form, but the 
tooth as a whole comes as near the quadrate form as P? of Tayassu. 

A single well-preserved premolar tooth almost identical in form 
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and dimensions with the one just described was found connected 
with a fragment of the jaw at another locality in the Thousand 
Creek region. In this specimen the enamel is well preserved but 
the tubercles are slightly worn. The cingulum is well developed 
on the anterior side of the protocone and deuterocone, and on the 
outer side of the tritocone. The fragment of the maxillary shows 
immediately above the tooth a strongly-marked shoulder which 
formed the floor of the depression leading to the infraorbital foramen 
as in Tayassu. The small foramina anterior to the depression 
leading to the infraorbital foramen are immediately above the 
exposed posterior root of the tooth. Judging from the position of 
the infraorbital foramen in Zayassu and Prosthennops, unless the 
infraorbital foramen was here situated considerably farther back 
than in these forms, this tooth is possibly P? rather than P+. 

The smaller of the two premolars is evidently more advanced 
than the P? which must have occupied the very small alveolus for 
this tooth shown in the figure of Prosthennops crassigenis figured by 
Matthew and Gidley.”! 

The larger premolar has but three roots instead of four as in P4 
of P. crassigenis, but the quadrate form is as well developed as in 
that tooth. 

Considering the smaller premolar as either P? or P? and the larger 
as either P* or P4, and taking all of the combinations possible, the 
Thousand Creek species is less advanced than Tayassu or M ylohyus, 
but more advanced than Platigonus. A fully satisfactory compari- 
son of this nature with Prosthennops is not possible. If the smaller 
tooth of the Thousand Creek specimen represents P’, Prosthennops 
crassigenis 1s apparently more advanced. If this tooth is P?, as 
seems possible from the situation of the larger premolar with 
reference to the infraorbital foramen, the stage of evolution of the 
premolars is approximately the same in the two forms or slightly 
more advanced in the Thousand Creek species. With the exception 
of possible differences in the premolars, to which reference has just 
been made, the Thousand Creek specimen approaches Prosthennops 
more closely than to the other American genera of the Suidae. 

The third upper molar (c, fig. 53) is the only molar preserved 
complete. The enamel is much corroded so that the tuberculation 


21 Matthew, W. D., and Gidley, J. W., Bull. Amer. Mus. Nat. Hist., vol. 20, p. 266, fig. 14, 
1904. 
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is not entirely clear, but the tooth appears to be of the dicotyline 
type. There is a small heel developed on the cingulum behind the 
hypocone and metacone. The dimensions of this tooth are near 
those in Prosthennops crassigenis. 

A large lower canine (fig. 52) occurring with this individual is 
triangular in cross-section with a faintly expressed ridge on the mid- 
dle of the outer face. 


MEASUREMENTS 

No. 11876 
Pb Vanteropastenion diameter een sa ee Eee rion aera ene 10. mm. 
Pe transverse: diameter ie nays out Reena SE ENCE Eee tea 8.4 
P3, anteroposterior diameter diced ate ne aa eee eee eee 2 
PsSitransverse diameter guys. ue eee eon ee eT ae re 10.8 
Mssianteroposterionidiametet aan riney pera rir ts eal ton vata aaa Dale 
MS. transverse diame teriiar. nya cnn yecael terial ora Gps tein aa ee 15.3 

No. 11884 
Pe anteropostentondrameteremnrnrcner ie ieee sec eee ee 10.6 mm. 
Ps; transverse diameter. (aeaacesn cece oe eee 11. 


Other remains accompanying this specimen include small portions 
of the skull, a calcaneum, and the distal portions of two metapodials. 
One of the metapodials shows a flattened lateral surface above the 
distal end, indicating close contact with the metapodial paired 
with it. 


THINOHYUS(?), sp. 


A large upper molar (no. 11854, fig. 55) from Virgin Valley shows 
considerable resemblance to the form of M? in Thinohyus occurring 
in the John Day Beds. The greatest transverse diameter nearly 
equals the anteroposterior, as in M?’, but the posterior region is 
narrower than the anterior, and the posterior shelf on the cingulum 
is more prominent than on any of the molars excepting M’. 

This tooth represents a large species, presumably belonging in the 
hyotherine division of the Suidae rather than in the later and more 
specialized dicotylines. 


MeasurEMEntTs, M3?. No. 11854 


Greatestianteropostenionidiame tena ee ee earn ys ene eer einen Zia mam. 
Greatest;transverse diameters om cei ites 20.2 
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OREODONTIDAE 
MERYCHYUS(?), sp. 


Two molar teeth from Virgin Valley furnish the only evidence of 
oreodonts from the deposits of this region. 

One specimen, no. 12606 (fig. 48), is an upper molar two. This 
tooth is very near the stage of development of Eporeodon, but the 
crown tends to be slightly more hypsodont and the mesostyle more 
sharply narrowed anteroposteriorly. At the point where the horns 
of the hypocone and protocone crescents are united, the posterior 
horn of the protocone crescent is a little wider than the anterior 
horn of the hypocone crescent. 

There is only a suggestion of ribs on the outer side of the paracone 
and metacone. The cingulum is well developed on the anterior 


Fic. 48. Merychyus, sp. M2. No. 12606, natural size. Virgin Valley Beds, Virgin 
Valley, Nevada. 

Fic. 49. Merychyus,sp. Ms. No. 11825, natural size. Virgin Valley Beds, Virgin Val- 
ley, Nevada. 


side of the protocone crescent, and between the protocone and hypo- 
cone. It extends around the inner border of the protocone as a 
faint ridge. The cingulum is interrupted on the inner side of the 
hypocone, but is represented by a weak shelf on the posterior side 
of the hypocone crescent. Faint shelves are present on the cingu- 
lum of the outer side of the paracone and metacone. 

A lower molar three, no. 11825 (fig. 49), shows a weak median 
style and only faint indications of ribs on the middle of the inner 
side of the two inner crescents. A shelf is developed on the cingu- 
lum only on the anterior side of the tooth. The posterior lobe is 
largely broken away, but enough of it is present to indicate that it 
was large, and the inner face seems not to have turned very far out- 
ward and backward away from the plane of the inner side of the 
anterior portion of the tooth. 
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MEASUREMENTS 
M?, anteroposterior diameter measured on outer side................. 19.2 mm. 
M?, transverse diameter measured at base across protocone............ 18.1 
Ms, anteroposterior diameter along metaconid and entoconid crescents, 
measuredvonwinnersid emMmns yee ae ei err oer 18.8 
Ms, transverse diameter measured across protoconid and metaconid 
CEESCEMES! ihac (fide Sty Lice CURR UE fa cUni ab Urea y cstL EAS lad rr Se Eg el 11.4 
CAMELIDAE 


Numerous fragmentary remains of representatives of the Camel- 
idae were found in the exposures at Thousand Creek, and somewhat 
less abundantly at Virgin Valley. Unfortunately the material that 
has been obtained consists only of scattered bones with small frag- 
ments of the skull and a few teeth. The foot-bones represented 
show a considerable range in size, and indicate the presence of at 
least two forms at Thousand Creek, and two at Virgin Valley. One 
of the species at Thousand Creek included individuals of very large 
size, probably representing Pliauchenia. At Virgin Valley there 
was also a large form and a much smaller species. With the scat- 
tered limb elements available it is not possible to make a definite 
determination of any of the forms represented. 

Judging from the quantity of camel remains seen, these animals 
must have been very common in the fauna of this region during the 
deposition of the Thousand Creek Beds, and also formed an im- 
portant part of the Virgin Valley fauna. 

An isolated third lower molar, no. 12765 (figs. 502 and 50d), 
from Thousand Creek represents a form that resembles 4uchenia 
in the presence of a prominent buttress or pillar on the antero- 
external angle of the tooth. This buttress is also well-marked in 
Camelus americanus described by Wortman” from the Pleistocene 
of Hay Springs. The anteroexternal buttress is possibly a little 
stronger than in C. americanus, but is not as well developed as in 
Auchenia lama. ‘The dimensions of the tooth from Thousand Creek 
are greater than in the type of C. americanus. 


MEASUREMENTS 
No. 12765 
NMG Nanteroposterionidiamete remem nt rn seer er nee ne nnn 35.9 mm. 
Ma sitransvetse diameteriactossi protoconidunee ee erent tien tisel: 1368) 


C. americanus, Hay Springs 
Mz, anteroposterior diameter estimated from figure published by Wort- 


22 Wortman, J. L., Bul. Am. Mus. Nat. Hist., vol. 10, p. 133, 1898. 
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A portion of a skull comprising the premaxillaries and a part of 
the maxillaries from Thousand Creek (fig. 51) represents a camel 
about as large as the existing Camelus bactrianus. ‘The posterior 
ends of the premaxillaries are truncated on both sides in such a way 
as to suggest that they were covered by the anterior ends of the 
nasals. I! and I? are absent, P! was large. At a distance behind 
P!, which exceeds slightly the distance between the canine and P', 
there is a small alveolus for a premolar which is presumably P?®. 
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Fics. 50a anp 504. Camel, compare Camelus americanus Wortman. M3. No. 12765, 
Xz. Thousand Creek Beds, Thousand Creek, Nevada. Fig. 50a, lateral view; fig. 50d, 
occlusal view. 

Fic. 51. Cameloid. Premaxillary and portion of maxillary. No. 19416, X 4. Thou- 
sand Creek Beds, Thousand Creek, Nevada. 


CERVIDAE 


BLASTOMERYX MOLLIS, N. Sp. 


Type specimen no. 11564, Univ. Calif. Col. Vert. Palae. from 
lower Virgin Valley Beds, Virgin Valley, Nevada. Cotype no. 
11567 from the same locality. 

Several jaws and teeth from Virgin Valley and High Rock Cafion 
represent a species of Blastomeryx differing only slightly from B. 
primus and 8. olcotti from the Upper Rosebud Beds of South 
Dakota. The tooth row is slightly longer than in either B. primus 
or B. olcotti. P1is not represented. On one specimen from Virgin 
Valley (no. 11567, figs. 57¢ and 574) a space half the anteroposterior 
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diameter of P. is present immediately in front of that tooth but 
without an alveolus for Pi, so that if P: was present it was not 
situated close to Pz as in B. olcotti. On a specimen from High Rock 
Cafion (no. 12609, figs. 58¢ and 584) a still larger space anterior to 
P: shows no alveolus for Pi. P; and P, are triangular in cross- 
section as in B. olcotti and have otherwise much the same form as in 
that species. 

In the slightly greater length of the tooth row, relatively larger 
size of the premolars or smaller size of M; and Asana of P, im- 
mediately anterior to Pz. the Nevada form differs from B. olcotti. 


58a 


Fics. 564 anp 564. Blastomeryx mollis, n. sp. Ms. No. 11565, natural size. Virgin 
Valley Beds, Virgin Valley, Nevada. Fig. 56a, lateral view; fig. 564, occlusal view. 

Fics. 57a anp 576. Blastomeryx mollis, n. sp. Fragment of mandible with inferior 
dentition. No. 11567, natural size. Virgin Valley Beds, Virgin Valley, Nevada. Fig. 57a, 
lateral view; fig. 574, occlusal side. 

Figs. 584 anp 584. Blastomeryx mollis, n. sp. Fragment of jaw with Ps and alveolus of 
P2. No. 12609, natural size. Virgin Valley Beds, High Rock Cafion, Nevada. Fig. 582, 
inner side of jaw fragment with Ps; fig. 584, occlusal view of Ps. 


From 8. primus it differs in the triangular rather than oval form of 
P,, in a slightly longer tooth row, and probably in the anteroposterior 
diameter of the premolars. 

The stage of advance of this species is close to that of B. primus 
and B. olcotti, and it may possibly be united with one of these forms 
when more material is available for study. 


MEASUREMENTS 
No. 11565 No. 10661 No. 11567 No. 11566 No. 12609 No. 11564 
Length, anterior side P»: to 


POStenior siden Vinue way nine. 31.3 mm 
P2, anteroposterior diameter... 5.4 
P3, anteroposterior diameter... 7.8 8.5 7.8 
P,, anteroposterior diameter... 8.9 Mei 8.5 8.8 8.8 
Mh, anteroposterior diameter. . oF OZ D8) 8.8 8.5 
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No. 11565 No. 10661 No. 11567 No. 11566 No. 12609 No. 11564 


Mz, anteroposterior diameter. , 10.3 10. 9.8 
Ms, anteroposterior diameter.. 13.8 13. 
Ms, transverse diameter....... les 
Length, anterior side Ps to 

Postenlonsia ellVigarmmnnnnnre 45.5 
Height of mandible below P2... 14.3 
Height of mandible below Mb.. 14.9 14.2 


DROMOMERYX, Sp. @, near BOREALIS (Cope 
b) B) 


Several jaws and teeth from Virgin Valley correspond very 
closely to forms which have been referred to Palaeomeryx, and have 
recently been designated as a new genus, Dromomeryx, by Doug- 
lass.?3 

A single upper molar, described and figured by Gidley, was 
referred by him tentatively to Palaeomeryx(?) borealis. 

Several fragments of jaws with teeth, and a lower molar, M; 
(fig. 62), belong to an animal about as large as that represented by 
the upper molar described by Gidley. On specimen no. 12601 the 
palaeomeryx fold is well marked on M,, and is faintly shown on Mz. 
The basal tubercle between the protoconid and hypoconid 1s large. 
There is a distinct anterior basal ridge as in the specimens from 
Snake Creek recently referred to Palaeomeryx by Matthew and 
Cook. 

The anteroposterior dimension of Ms; is near that of the Palaco- 
meryx species from Snake Creek. On this tooth the palaeomeryx 
fold is only suggested, the basal tubercle between the protoconid 
and hypoconid is large, and there is a faint basal tubercle between 
the hypoconid and the heel. 

Numerous scattered limb elements a the Virgin Valley Beds 
represent a form of Dromomeryx near borealis (Cope). The best 
preserved specimen is one from locality 1095, in which the larger | 
part of an anterior limb is represented. In this specimen the pro- 
portions of the limb differ slightly from those given by Douglass 
for D. borealis. ‘This is especially true of the metapodial. In the 
limb figured (fig. 60a) a section of the middle of the bone was miss- 
ing when the specimen was discovered. Without considering the 


*3 Douglass, Earl, Ann. Carneg. Mus., vol. 5, p. 461, 1909. 
24 Gidley, J. W., Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, p. 241, 1908. 
* Matthew, W. D., and Cook, H. J., Bull. Am. Mus. Nat. Hist., vol. 26, p. 408, 1909. 


Fics, 602 anp 602. Dromomeryx, sp. a, near borealis (Cope). Anterior limb. No. 19417, 
xX 4 Virgin Valley Beds, Virgin Valley, Nevada. Fig. 60a, anterior view of limb; Fig. 604, 
lateral view of radius and ulna. 

Fics. 614 anp 614. Dromomeryx, sp. 6. Superior molar series. No. 11470, natural size. 
Virgin Valley Beds, Virgin Valley, Nevada. Fig. 61a, occlusal view; fig. 614, outer view. 

Fic. 62. Dromomeryx, sp. a, near borealis (Cope). Ms. No. 11748, natural size. Vir- 
gin Valley Beds, Virgin Valley, Nevada. 

Fics. 634 anp 636. Dromomeryx, sp. Basal region of horn. No. 11628, X 3. Virgin 
Valley Beds, Virgin Valley, Nevada. Fig. 63a, outer side; fig. 634, cross-section. 
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missing fragment the length of this bone is greater and the form 
more slender than that of the anterior metapodial figured by 
Douglass. Making a small allowance for this fragment the length 
of the Virgin Valley specimen is noticeably greater and the slender- 
ness more apparent. 


MEASUREMENTS 
No. 19417 
Radius. 
Greatestlengtimalongsanterionmlbotd eran ann rane ncn 250. mm. 
Greatesmdiametetyactossidistalyendaene eerie rere arnnenarnr 47.6 
Digit IV. 
BhalangeslMoreatestsleny thuase pvr aan aaa eerie 45.5 
iRhalancelilereatestleng then merece reer erica heir eas 29F 
Ehalangesllivoreatestalenc than mnrrr ss arene iran re: 39.5 
No. 10676 
MER AMCehOpOstenomalame lense aes) jeciiea eee eae lines se Ao 19.6 
No. 19444 
Wopemmolaryanteropostenordiametenae nn ee aes seeicio PAL 2 
No. 11748 
Me MantcropostchiormGlamctelny ie tevin eterna ecco each 30. 


DROMOMERYX, Sp. 0 


A portion of an upper jaw with molars 1 to 3 (no. 11470, figs. 
61a and 610) is from a form referable to Dromomeryx, but consider- 
ably smaller than the specimen examined by Gidley. This speci- 
men represents an individual quite certainly distinct from D. 
borealis (Cope). On the upper molars of this specimen there is a 
prominent shelf developed upon the cingulum on the outer wall of 
the paracone in a situation in which no similar shelf appears on the 
figured specimens which the writer finds referred to Palaeomeryx or 
Dromomeryx. 

The shelf on the cingulum is strongest next the mesostyle, and 
disappears opposite the middle of the outer side of the paracone. 
A similar shelf appears to be shown on the larger form described by 
Gidley, but it seems to the writer to be due in some part at least toa 
fracture of the specimen. On two other upper molars of the larger 
form from Virgin Valley there is no suggestion of this shelf. 

The possibility that the first two of the upper molars of no. 11470 
described above represent the milk dentition has been considered, 
but the evidence does not seem to indicate that this is the case. 
Even if this were true, it should be noted that the shelf of the cingu- 
lum described above is shown on the most posterior tooth, as well 
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as on the others, and would still be a characteristic of the permanent 
dentition. 

A shelf of the type seen in the smaller form is barely suggested 
on a large worn specimen of Dromomeryx from the Mascall Beds of 


Oregon. 


MEASUREMENTS 
No. 11470 
Weng thyanterior sides Me to\postertoniside) Mey m ele eee 44.3 mm. 
Mi anteroposterion diameters uci p i veer ey oat pa eae ee 14.3 
Mi transverse! diame tert sny ian aah m aie nisna rate eter ae iter ar ea gto fa PR ana 18.5 
M2 vanteropostenondiameters aaetenn hea enh arate er seis eee 16.0 
M2 transverse diameter § oils ae a, ale iNn aay yA eat NA ADA oe FON 20.3 
MsNanteropostenion diametenann aera nee ee eee ee ee ner 15.8 
MSitransverse diameter iin crienianiiiee setae sierra: ieee aN Geel Mer ee 19.0 


DROMOMERYX, Sp. 


In the collections from Virgin Valley there is a specimen consisting 
of the basal portion of a large horn-core, no. 11628 (figs. 63¢ and 
634), the form of which shows close resemblance to Dromomeryx. 
The portion of the horn present is nearly straight, with only a sug- 
gestion of curvature, and narrows gradually from the base upward. 
The basal portion of the core is triangular in cross-section. The 
section of the terminal region seems to have been approximately 
oval. The texture of the surface of the core is in general more dense 
or less pitted than in 4plocerus. 

Though it is not possible to make a definite determination of the 
affinities of the form represented by this specimen, it is probable 
that it represents a large, antelope-like type similar to Dromomeryx. 


ANTILOCAPRIDAE 
MERYCODUS, near ruRcATUS (Leidy) 


The genus Merycodus is represented by a number of antlers 
(fig. 66) from Virgin Valley. The best preserved antler from Virgin 
Valley extends upward to a height of 110 mm. above the base with- 
out branching. The middle of the burr is 25 mm. above the base. 
It seems to resemble M. furcatus most nearly, though the several 
specimens of antlers known average a little smaller than M. furcatus, 
and the burr is a little higher. 
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MERYCODUS NEVADENSIS, N. Sp. 


Type a lower jaw with M, to M,, no. 12608, Univ. Calif. Col. Vert. 
Palae. from High Rock Cafion, Nevada. A slender antler from the 
same locality. 

Lower cheek-tooth series less than 45 mm. in length. M, to M; 


Fic. 64. Merycodus nevadensis n. sp.(?). Basal region of horn. No. 12524, X %. High 
Rock Cafion, Humboldt County, Nevada. 

Fic. 65. Merycodus nevadensis, n. sp. Portion of lower jaw with dentition. No. 12608, 
type specimen, natural size. High Rock Cafion, Humboldt County, Nevada. 

Fic. 66. Merycodus, near furcatus (Leidy). Basal region of horn. No. 11319, X 3. 
Virgin Valley Beds, Virgin Valley, Nevada. 


inclusive, 25mm. Molars distinctly hypsodont, considerably com- 
pressed laterally, M; with small heel. 

The lower jaw fragment (fig. 65) from High Rock Cafion shows 
little of the form of the mandible, excepting its height below the 
premolars. The molar teeth are the only ones present, but a liberal 
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estimate of the length of the cheek-tooth series from P, to Ms indi- 
cates that this form was considerably smaller than M. furcatus, 
M. necatus, and M. osborni. The molars are distinctly hypsodont, 
without styles between the outer pillars, and are rather sharply 
compressed. On Ms; the heel is a little smaller than the middle 
segment of the tooth. 


Measurements, No. 12608 


Approximatemeichtofmandibleibelowsl seen eee erent eee 11.2 mm. 
Mengthy Mi toyManinclusivenmanc meena eter nein sna ee ee YS) 08) 
Mivanteroposteriondiame tenane rt ae ae ae recreate tne 6.8 
Min tkansvetsercdiame te plotiposteriotiser mentee intial nian nae 3.8 
Mp yanteropostenionmdiametet ar arr r nanan Nee ter raote Sr aris one 7.6 
Me anteroposterior diamete hae semen seein ee ere eae les) 
Me wchansverserdiametenoiinia dleiseginen(ta ei tee inner Sod 


An antler obtained at High Rock Cafion (fig. 64) is slender, 
slightly swollen a short distance above the base, and without traces 
of a burr. Like the lower jaw fragment, the antler is smaller than 
in M. furcatus, but may represent a young animal. It is consider- 
ably compressed in a plane inclined about 45° away from the antero- 
posterior plane of symmetry of the skull, and shows a distinctly 
marked concavity at the base of the horn immediately behind the 
orbit. So far as can be determined there seems reason for suspect- 
ing that the antler of the form represented by this specimen was not 
at any stage entirely similar to those of the previously described 
forms. } 

This form seems to differ so far from the known species as to make 
a specific correlation with any of them inadvisable, and the name 
Merycodus nevadensis is tentatively applied to it. 


SPHENOPHALUS NEVADANUS Merriam 


S. nevadanus Merriam, Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, p. 325, 
1909. 


This species was based on a number of specimens representing 
portions of the skull with horn-cones. In the original description 
it was characterized as follows: 


“Frontals not cavernous at the base of the horns. Horns situated on the upper 
posterior region of the orbits, sloping backward, slightly outward, and tilted up- 
ward at an angle between twenty-five and thirty degrees from the plane of the 
frontals above the orbits. Horn-cores flattened in a plane extending backward 
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and inward from the orbits. A short distance above the base the horn-cores 
flare or widen slightly in the direction of greatest diameter in cross-section. Outer 
anterior edge of the horn-core arising over the upper posterior region of the orbit, 
and swinging backward with a suggestion of a twist. Surface of the horn-core 
comparatively smooth, with a few pits or irregularities. Texture of the outer 
portion of the horn-core solid. Supraorbital foramina present in front of the 
middle of the antero-medial side of the base of the horn-cores.” 


Horn-core.—I\n the collections which have been examined since 
the original description of this species a number of fragmentary 
specimens have been obtained which represent this form. One of 
these, no. 12537, represents the base of a horn-core (figs. 67@ and 
676), which is wider antero-posteriorly, but much thinner trans- 
versely, than the type specimen. It also differs somewhat from the 


67a 
Fics. 674 AnD 676. Sphenophalos nevadanus Merriam. Basal region of horn. No. 12537, 
x 4. Thousand Creek Beds, Thousand Creek, Nevada. Fig. 67a, medial side of horn; 
fig. 674, cross-section of horn. 


type in the nature of the region on the posterior side of the base 
of the horn-core. In the type-specimen, this region is very broadly 
rounded or nearly flat transversely. In no. 12537 the posterior 
basal region is relatively much narrower, and a low longitudinal 
keel is developed on the middle of the posterior surface. 

In this specimen the tendency of the horn-core to flare antero- 
posteriorly a short distance above the base 1s more distinctly shown 
than in the type material. This is possibly due in part to the 
slightly better preservation of the anterior margin in this specimen. 
Though the differences between this specimen and the type of S. 
nevadanus are considerable, it quite certainly represents the same 
general group and may be referred to this species. 

In the thinness of the horn and in the tendency to develop a low 
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median ridge on the surface of the narrower posterior side of the 
horn-core, this specimen approaches the modern Antilocapra a 
little more closely than does the type material. As nearly as can 
be determined from the fragmentary specimen, the other char- 
acters which separate the type of Sphenophalos from Antilocapra 
are as marked here as in the type specimen. 


MEASUREMENTS OF THE Horn-Cores 


Pronghorn 
No. 8298* No. 11887 No. 11888 No. 12537 


Anteroposterior diameter at narrowest 

point boyerthelbaSeaanehe nn ern er 41.3 mm. 41.7 36.5 44.8 
Greatest anteroposterior diameter........ 30. WL 6e) 43. 60. 
Transverse diameter measured at the same 

point as the least anteroposterior 

GigIME tery UA A Alera ee AN esa gee LH 231.9 33. 28.4 Ml 


* Calif. Mus. Vert. Zool. 


Dentition.—In the collections thus far obtained in the Thousand 
Creek region there are quite a number of long-rooted molar teeth 
of antelope-like forms that show a considerable range in size. Some 
of the specimens represent animals as large as the existing /ntilo- 
capra, others come from much smaller forms. It is probable that 
some of these teeth represent Sphenophalos nevadanus. All of the 
cheek teeth of antelopes from the Thousand Creek region are 
closely similar in form and structure to those of the Recent 4ntilo- 
capra. Some of the larger teeth which seem most appropriate in 
size to accompany the skull of Sphenophalos are noticeably similar 
in form to the corresponding teeth of Antilocapra. 

The upper and lower molars are all long-rooted, reaching almost, 
if not quite, to the stage of development of the Recent 4ntilocapra 
in this particular. 

Two upper molars from Thousand Creek resemble the correspond- 
ing teeth of the Recent Antilocapra in form and size. A third 
upper molar, no. 12610 (figs. 70a and 70), is similar to M° of Antilo- 
capra. It differs mainly in the shortness of the wing or lobe devel- 
oped on the posterior side of the tooth. A hypsodont lower molar 
Me, no. 12604 (figs. 71a and 714), has the same anteroposterior 
diameter as M, of 4ntilocapra, but is noticeably narrower trans- 
versely. These teeth may presumably be referred to Sphenophalos. 
They probably represent the type species, S. mevadanus, which was 
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Fics. 684 anp 6384. Sphenophalos or Ilingoceros, sp. P® to M!. No. 12613, natural — 
size. ‘Thousand Creek Beds, Thousand Creek, Nevada. Fig. 682, inner view; fig. 682, 
occlusal view. 

Fies, 694 anv 6946. Sphenophalos or Ilingoceros,sp. Upper molar. No. 12605, natural 
size. ‘Thousand Creek Beds, Thousand Creek, Nevada. Fig. 692, outer view; fig. 694, 
occlusal view. 

Figs. 70a anp 70b. Sphenophalos nevadanus Merriam(?). M3. No. 12610, natural size. 
Thousand Creek Beds, Thousand Creek, Nevada. Fig. 70a, inner view; fig. 704, occlusal 
view. 

Kies. 71a anp 714. Sphenophalos or Ilingoceros. Inferior molar. No. 12604, natural 
size. Thousand Creek Beds, Thousand Creek, Nevada. Fig. 71a, outer view; fig. 71d, 
occlusal view. 

Fic. 72. Sphenophalos nevadanus Merriam(?). Outer side of M3. No. 19418, natural 
size. Thousand Creek Beds, Thousand Creek, Nevada. 
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represented by individuals fully as large as the living pronghorns 
of the Nevada region. 

From one place at locality no. 1100 a considerable number of 
fragments of teeth were found which include a number of pieces 
of upper molars like those referred tentatively to Sphenophalos, 
and with these an interesting fragment representing the wall of a 
third lower molar. This specimen (fig. 72) shows a tooth compar- 
able in size to M; in Antilocapra, but differing from that form in the 
nature of the third or posterior lobe. In 4ntilocapra the posterior 
lobe is normally sharply divided into two pillars by a deep vertical 
groove in the outer wall. In Capromeryx this groove is apparently 
barely indicated near the lower end of the tooth, and in Merycodus 
it is unrepresented. The specimen from Thousand Creek is dis- 
tinctly different from the existing 4ntilocapra in that the external 
longitudinal groove on the posterior lobe, though clearly shown, 
marks only a weak separation compared with the sharply-marked 
constriction in Antilocapra. This tooth is presumably to be re- 
ferred to Sphenophalos, though it may represent the twisted-horned 
form Ilingoceros. It shows a stage of evolution tending toward the 
Antilocapra type, but a little less advanced than in that genus. 


26 In one of two specimens of Antilocapra available from northern Nevada there is a not- 
able exception to the type of Mz; normal in this form. In this specimen (no. 8299 Univ. 
Calif. Mus. Vert. Zool.) the permanent molars are present, and the last milk premolar is 
just on the point of dropping out. In both rami Ms; is a three-lobed tooth, but the posterior 
lobe shows no indication of a division into two parts by a longitudinal external groove. The 
posterior lobe in this specimen is about as large as the portion of the posterior lobe anterior 
to the external longitudinal groove in the typical specimens. No suggestion of an external 
longitudinal groove is present, even low down on the tooth. The writer is not entirely 
clear as to the significance of this variation of M3. If this character should appear in other 
specimens, and at the same time be coupled with other variations from the normal type, it 
might have some claim to importance as a specific distinction. In this specimen the pecu- 
liar character of M3 is accompanied by an apparent slight modification of the character of the 
posterior side of M3 and by a weaker development of the external styles of the upper molars. 
The deviation of the upper molars from the type of tooth shown in other specimens available 
may be due in part to difference in degree of wear, but this factor does not seem competent 
to account for the whole difference. Unless more material of the same nature as this speci- 
men comes to hand, one would hardly seem justified in considering the variation shown 
here as more than an individual abnormality. Even if classed as an individual peculiarity, 
it may be found to have some significance in the interpretation of the history of variation or 
differentiation in this group, but our knowledge of the meaning of such irregularities in the 
growth of individuals is yet too imperfect to give us a clue as to the interpretation of this 
case. 
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MEASUREMENT OF TEETH OF ANTELOPE-LIKE Forms REFERRED IN PART 
TO SPHENOPHALOS 
Capromeryx Antilocapra 


IMiganteropostehionsdiatme tenner rr rile el ar D8 fon, | Ws7 
Mieatiansverserdialne telann aamrrs einer rien t wn Lane Sel 6.7 
No. 12604 
MEwanteropostehordlametersa ear ener sare 14.7 11.0 14.7 
No. 12612 
13. 
No. 12604 
NMewthansverserdiame tery ener nne nee ee 6.9 Use 
No. 12612 
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No. 12611 
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No. 12610 
Vi 
No. 12611 
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No. 12610 
10.3 
No. 12613 
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Wieani Cero poscerionatametetaernr nro eae: i) 511 18).8) 
MiNitransverse diameters sc ceis sce ces serene eee es 8.4 10.1 


4, approximate. 


Relationships—As was noted in the original description of 
Sphenophalos*' this form resembles the pronghorn antelopes some- 
what in the general form of the horn-core and also in the surface 
of the core. The tendency of the horn-cores of the fossil form to 
widen anteroposteriorly a short distance above the base is also a 
character in which they resemble the horns of the pronghorn. The 
horn-cores differ from those of the pronghorn in greater thickness, 


aU Merriam, J. C., op. cit., p. 328; 1909. 
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more oblique position, slightly more posterior situation, and entirely 
different topography of the postero-basal region. 

Unfortunately we have not been able to obtain material showing 
the nature of the terminal region of the horns of Sphenophalos. 
The widening of the laterally compressed horn-core not far above 
the base certainly suggests that the terminal region may have a 
general resemblance to that of Antilocapra. 

Of the large Antilocapra-like molar teeth found in the Thousand 
Creek Beds it seems probable that some of the specimens represent 
Sphenophalos. 

Unfortunately the material representing the limbs, arches, and 
vertebral column of antelope-like forms found in these beds con- 
sisted solely of scattered bones, and nothing like a connected skeleton 
has been recovered. It is, however, well worth considering that 
none of this material represents forms which differ greatly from 
Antilocapra, and the larger forms are uniformly close to that genus. 

Taking into consideration all of the evidence obtained from an 
examination of the skull material which can be definitely referred 
to Sphenophalos, and with it such evidence as is obtained from 
examination of the associated remains representing other parts of 
the skeleton and the dentition, there seems to be much in favor of the 
view that Sphenophalos is a representative of the Antilocapridae, 
while almost no facts present themselves which seem to contradict 
this hypothesis. 

The difference between the Thousand Creek species and the 
Recent Antilocapra seems to the writer sufficient to require their 
generic separation, but it would not be surprising to find the general 
relationship fairly close when better specimens of Sphenophalos 
become available. 


ILINGOCEROS SCHIZOCERAS, N. Sp. 


Type specimen a complete horn-core, no. 11893, Univ. Calif. 
Col. Vert. Palae. From the Thousand Creek Beds at Thousand 
Creek, Humboldt County, Nevada. 

In the first description of the genus J/ingoceros, two types of 
horn-cores of uncertain specific position were referred to this group 
as forms B and C. The specimen on which form C was based 
lacked the distal portion of the horn-core, as was shown in figure six 


VIRGIN VALLEY AND THOUSAND CREEK: VERTEBRATE FAUNAS 1039 


of the original publication.?* Since this paper was issued the termi- 
nal portion of this horn-core has been found in a small collection 
made only a few yards from the spot at which the type of form C was 
collected. ‘The two fractured faces fit together perfectly and there 
is no possible doubt as to their representing the same horn-core. 
Horn-Core.—As shown in figures 73a and 730, the portion now 


734 


Figs. 73a anp 73d. Ilingoceros schizoceras, n. sp. Two views of the horn. No. 11893, 
natural size. Thousand Creek Beds, Thousand Creek, Nevada. Fig. 73a, posterior side; 
fig. 734, inner or medial side. 


added to the original specimen carries the horn upward with the 
same spiral twist and flattened cross-section shown in the lower 
portion already described. ‘The upper end of the horn, instead of 
narrowing to a point as in typical antelopes, is widened slightly and 
is deeply notched so that it ends in two distinct prongs. The 
terminations of the prongs are obtuse, and consist of much more 
spongy tissue than the rest of the horn. 


8 Merriam, J. C., Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, p. 323, fig. 6, 1909. 


\ 
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The type of horn shown here is quite distinct from that of any 
form previously described. While the basal portion resembles that 
of the strepsicerine antelopes, the terminal region suggests the 
divided horns of certain forms of Merycodus. ‘There is no suggestion 
of a burr on the horn, and since the terminal portion of the core is 
slightly wider than the middle region a sheath horn could not have 
been shed without splitting. 

If this horn-core represents a young animal, it may possibly 
belong to one of the forms referred to I/lingoceros alexandrae. It 
was, however, associated with numerous remains of evident adults 
of a form much smaller than I. alexandrae. Under the circum- 
stances one does not seem justified in arbitrarily referring it to J. 
alexandrae, as that form distinctly differs in several characters. In 
I. alexandrae the spiral ridge which has its origin on the postero- 
superior region of the orbit arises anterior to the postorbital process 
of the frontal. In this form the ridge arising over the orbit is evi- 
dently continuous with the postorbital process. In I. alexandrae 
the horn is almost circular in cross-section; in this specimen the 
section is much flattened. Such fragments of horn-cores of J. 
alexandrae as are available indicate that the horns were considerably 
elongated, and round in section some distance above the base, 
having therefore quite a different character from those of this form. 

For the present, one seems warranted in separating the type repre- 
sented by specimen 11893 as a species distinct from J. alexandrae. 
It may be referred to the genus [/ingoceros, though it is not entirely 
certain that it is not also generically different. 

The form of horn represented in this specimen suggests relation- 
ship with three groups, the Merycodontidae, the Antilopinae and 
the Antilocapridae. The resemblance to any known form of the 
Merycodus group is not close. The burr is entirely absent, the 
horn-core is strongly twisted, and the distal notching is very shal- 
low. The shallowness of the notch might be expected in a young 
individual. There is, however, some reason for suspecting that 
this horn may represent a full-grown animal, as it is associated with 
numerous remains of small antelope-like animals which are evi- 
dently adults. The horns of Merycodus nevadensis from the Virgin 
Valley Beds at High Rock Cafion present as near an approach to 
the antelope form as has been observed among forms referred to 
Merycodus. 
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The resemblance of this form to true antelopes of the strepsicerine 
type has already been commented upon in a former publication.?9 
With only the portion of the horn below the tip represented, a rela- 
tionship to the tragelaphines is unavoidably suggested. Considered 
in connection with the other forms referred originally to the genus 
Ilingoceros, there seems good reason for inquiring whether this 
resemblance is not more than coincidence. There are no other 
horned forms in which the strepsicerine characters are developed, 
and the twisted-horned antelopes have been quite conspicuously 
represented in Tertiary time, their origin dating back at least to the 
Miocene period. Inasmuch as the antelope group has been pre- 
sumed to be derived from forms near Merycodus it would not seem 
improbable that types like J. schizoceras should appear in the period 
of transition to the true strepsicerine forms, and possibly also in 
the young of early representatives of that group. 

The resemblance of the horn-core of this form to that in 4ntilo- 
capra consists largely in the general similarity of the surface struc- 
ture. The form and position of the horn are not like those of the 
pronghorns, and the nature of the terminal region is also distinctly 
different. The fact that this horn-core is divided into two terminal 
prongs and that the outer or sheath portion of the horns of 4ntilo- 
capra divides seems not to be a valid ground for comparison, as the 
horn-core in 4ntilocapra is not divided. That the horn-core of 
Antilocapra may have been divided originally, the anterior prong 
of the core afterward disappearing in that genus, is possible, but 
we have as yet no evidence to show that such has been the actual 
course of evolution of the horn. If any relationship is suggested 
by the divided tip it would seem most natural to associate the form 
of horn seen here with the simpler types of Merycodus. 

Associated Remains of Skeleton and Dentition.—Associated with 
the peculiar horn no. 11893, there are many parts of the skeleton 
and dentition representing several small antelope-like individuals. 
Although these parts have not been obtained in such association as 
to indicate that they certainly belong to I/ingoceros schizoceras, 
and they may be found to represent several species or genera, by 
process of exclusion they suggest certain possibilities as to the char- 
acter of this species and of other antelope-like forms of this region. 

All of the fragments of teeth found associated with these remains 


29 Merriam, J. C., op. cit. 
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represent hypsodont molars of about the same stage of advance as 
those of 4ntilocapra. The best preserved specimen in this collec- 
tion is the outer wall of a third upper molar. The tooth is con- 
siderably smaller than in the specimens referred tentatively to 
Sphenophalos, and the outer styles are a little more prominent. The 
association of hypsodont molars of the 4ntilocapra type with the 
antelope-like remains from Thousand Creek has thus far been a rule 
without exception. 

The femur is known by fragments representing the proximal and 
distal ends. The proximal portion of the articular surface of the 
head is elongated transversely about as in the pronghorn. The 
distal end does not differ essentially from that of the femur in the 
pronghorn. 

The proximal end of the tiza differs from the pronghorn in the 
presence of a well-marked emargination in the overhanging border 
of the postero-internal portion of the proximal face. The proximal 
rudiment of the foula is a little smaller than in the pronghorn speci- 
men available for comparison. The distal end is not appreciably 
different from that of 4ntilocapra. The upwardly projecting spine 
has about the same relative dimensions as in Antilocapra. 

The calcaneum is similar to that of Antilocapra. At the posterior 
end of the internal ridge of the trochlea of the astragalus there is a 
noticeable prominence which extends downward and slightly inward 
over the sustentacular portion of the calcaneum. The inner portion 
of the trochlea extends downward over this process instead of turn- 
ing slightly forward beneath the astragalus as in 4ntilocapra. 

In the /unar of the fossil form the hook which extends downward 
over the posterior side of the unciform is longer than in 4ntilocapra. 
Corresponding to this modification of the lunar there is a deep pit 
on the posterior side of the unciform immediately behind the face for 
contact with the lunar (figs. 75 and 77). The posterior hook of the 
lunar is received in this pit. In the unciform of 4ntilocapra there 
is only a shallow depression where the pit is situated in the fossil 
form, and the posterior portion of the articular face for the lunar 
is not continued downward as sharply as in the fossil form. The 
unciform also differs from that of Zutilocapra in the development of 
a downwardly projecting process extending from the posterior side, 
immediately below the pit for the reception of the posterior hook 
of the lunar. In Antilocapra the posterior border is almost per- 
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fectly even in this region. There is shown here a tendency to 
develop a more specialized interlocking joint in the wrist of the fossil 
form than is shown in 4ntilocapra. 


Fic. 74. Ilingoceros schizoceras, n. sp.? Posterior metapodial. No. 19419, X 3. Thou 
sand Creek Beds, Thousand Creek, Nevada. 


Fics. 754 anp 75%. Ilingoceros schizoceras, n. sp. Proximal portion of scapula. No. 


11892, natural size. Thousand Creek Beds, Thousand Creek, Nevada. Fig. 75a, outer 
view; fig. 754, proximal view. 

Fic. 76. Ilingoceros schizoceras, n. sp.? Superior side of unciform; a, articulation with 
lunar. No. 19420, natural size. Thousand Creek Beds, Thousand Creek, Nevada. 


Fig. 77. Antilocapra americana Ord. Superior side of unciform; a, articulation with lunar. 
No. 8299, Calif. Mus. Vert. Zool.; natural size. 


The metatarsals (fig. 74) are not essentially different from those 
of Antilocapra. ‘They vary considerably in size in different individ- 
uals. This bone in no. 11892 is relatively a little narrower than in 
Antilocapra. 
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The terminal phalanges of the fossil forms differ from those of 
Antilocapra in that they are a little sharper, or more distinctly 
pointed anteriorly, and the inferior foramen on the inner side of the 
posterior end is on the average of approximately the same size as 
the postero-superior foramen on the inner side, instead of being 
much smaller as in 4ntilocapra. 

In the proximal end of a scapula (figs. 75a and 75d) available there 
is a slight difference from Antilocapra in the form of the coracoid 
process. In 4ntilocapra the process is wider transversely and is not 
separated from the external border of the glenoid cavity by a shallow 
notch as in the fossil form. 

The proximal end of the radius is a little more extended on the 
outer side just outside of the proximal articular surface in 4ntilo- 
capra than in the fossil form. 

A broken vertebra from the posterior cervical region (5th?) seems 
to have larger zygapophyses than in the corresponding vertebra of 
Antilocapra. na middle dorsal vertebra the zygapophysial faces 
are also relatively large, and the centrum is relatively low. Several 
lumbar vertebrae present in the collections have longer and lower 
centra than in 4ntilocapra. In one of these the spinal nerve passed 
through a foramen situated several millimeters in advance of the 
posterior margin of the neural arch. 


ILINGOCEROS OF SPHENOPHALOS 


Several fragmentary specimens representing the dentition of 
antelope-like forms from Thousand Creek resemble those referred 
to Sphenophalos in most respects, but are smaller and may belong 
with some of the forms referred to [lingoceros. 

A portion of the upper jaw, no. 12613 (figs. 68¢ and 68%), with 
P? to M! represents an animal somewhat smaller than Antilocapra 
or than the teeth tentatively referred to Sphenophalos nevadanus. 
The teeth are apparently hypsodont, though considerably reduced 
by wear. Mlis slightly narrower than in 4ntilocapra and the me- 
dian rib on the outer side of the paracone is more prominent than in 
that form. P# is considerably narrower and apparently a little less 
advanced in the development of the crescents. The form repre- 
sented by this jaw evidently belongs to a species distinct from that 
in which the larger teeth referred to Sphenophalos nevadanus are 
included. It may correspond to a smaller species of Sphenophalos, 
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or may represent one of the species in the group of twisted-horned 
forms included in the genus [/ingoceros. 

A smaller upper molar, no. 12605 (figs. 69¢ and 694), and a lower 
molar, no. 12612, may be referred tentatively to the same group as 
_ the upper jaw fragment, no. 12613. They are both hypsodont, and 
resemble 4ntilocapra in most respects. The upper molar, no. 12605, 
is smaller anteroposteriorly and transversely than in Antilocapra, 
and possesses a minute style between the protocone and hypocone 
pillars. The lower molar, no. 12612, is shorter anteroposteriorly 
and considerably narrower than in Antilocapra. Both of these 
specimens evidently belong to a form related to that represented 
by the larger teeth included in the species referred to Sphenophalos 
nevadanus. 


ILINGOCEROS ALEXANDRAE Merriam 


Ilingoceros alexandrae Merriam, Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, 
p. 320, 1909. From the Thousand Creek Beds of Thousand Creek, Hum- 
boldt County, Nevada. 


Affinities —Since publishing the original description of this 
peculiar form, the collections from Thousand Creek have been 
carefully examined for material which might furnish additional 
information regarding its structure and affinities. Excepting such 
information as has been presented above under the discussion of J. 
schizoceras, nothing has appeared which suggests any modification 
of the original description. The only light which is thrown on the 
question of affinities of the genus J/ingoceros is developed through 
study of the other remains representing antelope forms obtained 
from the same formation. An examination of the remains asso- 
ciated with those of J/ingoceros in the formation at Thousand.Creek 
does, however, offer certain suggestions which seem to demand 
consideration. 

Thus far in the collections at Thousand Creek the specimens 
representing the dentition of antelope-like forms include only hypso- 
dont molar teeth. No short-crowned teeth like those of Tragelaphus 
have been discovered. Also worthy of note is the general absence 
from the outer side of the lower molars of prominent styles or pillars 
such as appear between the columns of the short-crowned lower mo- 
lars of Tragelaphus and Strepsiceros. In one or two specimens of 
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molars from Thousand Creek small intermediate styles are seen, 
but they are very poorly developed. 

When the first studies of the antelopes of the Nevada Tertiaries 
were being carried on the writer was aware of the presence of several 
forms of large molar teeth of antelope-like forms in the collections 
from Virgin Valley and Thousand Creek, but was not at that time 
able to make certain as to the association of the horns and teeth. 
Since the publication of the first paper it has been shown that all 
of the large molar teeth with basal intermediate styles were obtained 
from exposures in Virgin Valley, which represent a much lower 
horizon than those of Thousand Creek from which all of the twisted- 
horned forms were derived. All of the larger Virgin Valley speci- 
mens representing antelope-like forms are to be referred to Dromo- 
meryx (Palaeomeryx). 

Some of the hypsodont molars from Thousand Creek presumably 
represent the forms included in the genus Sphenophalos, but one 
seems hardly justified in referring all of the specimens to that genus, 
inasmuch as not more than a third of the total number of skull 
fragments obtained belong to Sphenophalos, and in two instances 
horn-cores representing the twisted form were found in fairly close 
association with the long-crowned molars, while remains of Spheno- 
phalos were absent. 

It appears most reasonable to consider the probabilities in favor 
of associating some of the long-crowned molars with the skull frag- 
ments bearing twisted horns. Some of these teeth, as has been 
shown under the discussion of Sphenophalos, are evidently near the 
Antilocapra type, and none of them, so far as known, seem to differ 
greatly from those of that form. It is also true that such skeletal 
remains as are known seem to differ little in general character from 
the type of Antilocapra. Unfortunately, excepting the skulls, no 
skeletal parts of the tragelaphine antelopes are available to the writer 
for comparison with that group. 

The indirect evidence of relationship suggested by the dentition 
indicates that the twisted-horned forms are related to Sphenophalos 
and, with that genus, to 4ntilocapra. The presumable relationship 
of Sphenophalos to Antilocapra has already been discussed. It 
seems, however, certain that [/ingoceros is generically quite distinct 
from Sphenophalos and, whatever the grade of relationship, [/in- 
goceros seems farther from 4ntilocapra than is Sphenophalos. 
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Kies. 784 anp 786. Ilingoceros alexandrae Merriam. Fragment from the distal region 
of horn. No. 11886, X %. Thousand Creek Beds, Thousand Creek, Nevada. Fig. 782, 
lateral view showing spiral; fig. 784, cross-section of horn. 

Fic. 79. Ilingoceros alexandrae Merriam. Posterior view of base of left horn-core; a, 
spiral ridge arising over the postero-superior region of the orbit; s, cross-section of horn- 
core. No. 11880, type specimen, natural size. Thousand Creek Beds, Thousand Creek, 
Nevada. 

Fic. 80. Jlingoceros, form B. Posterior to postero-median view of basal portion of 
right horn-core; @, anterior spiral ridge probably corresponding to ridge @ in figure 79; 4, 
median or lateral spiral ridge; c, posterior spiral ridge; s, cross-section of horn-core. No. 
11892, natural size. ‘Thousand Creek Beds, Thousand Creek, Nevada. 
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With the scanty evidence available, the characters in which 
Ilingoceros seems most distinctly connected with Antilocapra are 
the presumptive similarity in the dentition and the nature of the 
outer portion of the horn-core, which like that of Sphenophalos 
seems to be a little more dense than is common in the tragelaphine 
forms. Otherwise it is hard to find characters which are distinc- 
tively antilocaprine. 

The discovery of the terminal portion of a twisted horn in the form 
described above as [lingoceros schizoceras unexpectedly complicates 
the problem of the relationships of //ingoceros through the addition 
of the character of terminal bifurcation to that of spiral twist. 
While it is by no means certain that the species referred to as J. 
schizoceras is generically identical with I. alexandrae the evidence 
suggests that the two are probably of common origin. The pres- 
ence in I. schizoceras of a terminal bifurcation of the horn as in 
Merycodus \ends some support to the theory that the Merycodonti- 
dae may be the ancestors of [/ingoceros. 

In the present state of our knowledge there seem three hypotheses 
open to account for the presence of the twisted-horned antelopes 
in the Thousand Creek fauna: (1) They are typical Old World 
tragelaphines which came into America in late Miocene or early 
Pliocene time and developed long-crowned molar teeth. (2) They 
are tragelaphine forms which originated in America from Mery- 
codus-like ancestors at some time during the Miocene, and soon 
migrated to the Old World, leaving only a few descendants here as 
late as the Thousand Creek epoch. (3) They area peculiar twisted- 
horned division of the Antilocapridae originating in America and 
possibly limited to this continent. 

On the whole, the writer is inclined to think that the evidence 
favors recognition of a fairly close relationship of [/ingoceros as well 
as Sphenophalos with the Antilocapridae, and that all of these forms 
may be derived from some member of the Merycodus group. With 
the evidence at hand, one does not seem justified in assuming that 
the Old World tragelaphines are necessarily derived from American 
Merycodus-like ancestors, though both may have come from the 
same stock. There seem to be some reasons for thinking that the 
older tragelaphines of the Old World may have been derived from 
some form like Palaeomeryx or Dromomeryx rather than from a 
Merycodus-like type. Dromomeryx of the American Miocene pos- 
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sesses antelope-like horns and a dentition which might have devel- 
oped into the tooth type found in the more primitive of the true 
 antelopes. 

_ In addition to the evidence suggesting the presence in America of 
Old World types of antelopes as presented by the Thousand Creek 
fauna, Matthew and Cook? have recently described a peculiar 
antelopine or bovine horn-core, and an antelope-like dentition, 
from the late Tertiary beds of Snake Creek, Nebraska. As noted 
by Matthew and Cook, the dentition resembles that of the twisted- 
horned forms and not that of the type of antelope represented by 
the horn-core which has been provisionally associated with the 
dentition in their description. Inasmuch as the faunas of Thou- 
sand Creek and Snake Creek are not widely separated in time, one 
unavoidably considers the possibility that the teeth of the twisted- 
horned forms of the Thousand Creek fauna are not represented 
among the remains thus far collected at Thousand Creek, while at 
Snake Creek the teeth of these forms have been found without 
accompanying horns. Such an explanation seems, however, not to 
be within the limits of probability. 

It would seem to the writer that with the evidence available we 
are not in a position to determine the affinities of the American 
twisted-horned antelopes with certainty. So far as can be deter- 
mined they appear to be near the Antilocapridae, but they are 
evidently generically distinct from Sphenophalos. If, as seems 
probable, the only type of dentition known from the Thousand 
Creek Beds really represents this group along with Sphenophalos, 
these forms are probably derived with the Antilocapridae from some 
type like Merycodus, and are not closely related to the Old World 
strepsicerine forms. If teeth like those obtained by Matthew and 
Cook at Snake Creek belong to this group it may represent an immi- 
gration of typical Old World forms or might be derived from a 
Palaeomeryx-like American form. 

With the available information it is probably desirable to refer 
Ilingoceros tentatively to a distinct family, the Ilingoceridae, and 
to include Sphenophalos in the Antilocapridae. 


39 Matthew, W. D., and Cook, H. J., Bull. Am. Mus. Nat. Hist., vol. 26, pp. 413 and 414, 
1909. 
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TRAGOCERAS(?) or ILINGOCEROS 


In a former publication*! the writer provisionally referred a frag- 
ment of a large horn-core from the Thousand Creek Beds to Neo- 
tragocerus of Matthew and Cook. ‘This specimen consists of only a 
fragment representing the tip of a horn. In some respects it is 
quite similar to the tip of a Tragoceras horn. It may, however, 
represent the terminal portion of a large [/ingoceros horn on which 
the spiral has faded out before reaching the superior end. The 
surface structure is apparently less tragocerine than antilocaprine, 
though it is not easy to judge of this character in the terminal portion 
of the horn. 


Transmitted February 15, 1911 
1 Merriam, J. C., Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, p. 330, 1909. 
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Tephrocyon kelloggi, n. sp. 


Fic. 1. Right mandible. Type specimen, no. 11562, natural size. Virgin Valley Beds, Virgin 
Valley, Nevada. 

Fic. 2. Left mandible. Type specimen, no. 11562, natural size. Virgin Valley Beds, Virgin 
Valley, Nevada. 


VoL. 6, PL. 33 
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INTRODUCTION 


INCE publication of the description and discussion of the 
Thousand Creek fauna in 1911,! further collecting in the 
Thousand Creek beds of northwestern Nevada by parties 
from the University of California has furnished additional paleon- 
tological materials on which the recognition of forms new to the 
fauna has been based and on which previously described species 
have become better known. 
While the relationships of the fauna were discussed some years 
ago,” a description of the newly obtained material, with the excep- 
tion of the badger remains described by Butterworth,? has never 


been published. 


By John C. Merriam and Chester Stock. Carnegie Institution of Washington Publication 
No. 393, paper II, pp. 5-21, pls. 1-3, September 1928. 


1J.C. Merriam, Tertiary mammal beds of Virgin Valley and Thousand Creek in Northwestern 
Nevada, Pt. II: Vertebrate Faunas, Univ. Calif. Publ., Bull. Dept. Geol., vol. 6, pp. 199-304, 
Pisws2—55) 1911, 

2J. C. Merriam, Relationships of Pliocene mammalian faunas from the Pacific Coast and 
Great Basin provinces of North America, Univ. Calif. Publ., Bull. Dept. Geol., vol. 10, pp. 421- 
443, 1917. 


3E. Butterworth, 4 new mustelid from the Thousand Creek Pliocene of Nevada, Univ. Calif. 
Publ., Bull. Dept. Geol., vol. 10, pp. 21-24, 1916. 
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The illustrations for this paper have been prepared by John L. 
Ridgway. 
Description oF MATERIAL 
AElurodon sp. 


Two mandibular fragments, No. 27248 U. C. C. (fig. 1), represent 
a large type of dog, presumably related to the genus #/urodon and 
comparable in size to &. wheelerianus. In this specimen the jaw is 
heavy, although of smaller size than the /urodon jaws from the 
Ricardo which have been referred provisionally to . aphobus. 
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Fic. 1. lurodon sp. Mandibular fragment, No. 27248 U. C. Coll.; lateral and superior 
views, X1.0. Thousand Creek Pliocene, Nevada. 


Unfortunately all that remains of the lower dentition 1s the broken 
part of the heel of M1. The heel region of this tooth narrows 
posteriorly as in . wheelerianus. 


Pseudelurus? sp. 


An anterior portion of a ramus, No. 27247 U. C. C. (fig. 2), appears 
to belong to Pseudelurus. This specimen is distinctly smaller than 
the type of P. intrepidus Leidy. The roots of P3 and P4 remain in 
the jaw. In front of the anterior root of P3 is a very small alveolus 
for a single-rooted tooth. The root of the canine is flattened trans- 
versely. Two mental foramina are present, one situated below the 
anterior root of P3, the second below the posterior root of this tooth. 
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Pliohippus near fairbanksi Merriam 


A number of cheek-teeth of horses of the Pliohippus type found in 
the Thousand Creek beds represent a form belonging in or near the 
group of Pliohippus fairbanksi or P. supremus. 

Of the upper cheek-teeth unfortunately only fragmentary material 
has been secured, no complete teeth being known. The crowns of 
the upper cheek-teeth are strongly curved and well cemented. In 
the teeth available the fossettes are not of unusual width and the 
enamel border is comparatively little folded. The most important 
folds are those at the postero-internal angle of the anterior fossette. 
These folds taken with the type of the post-protoconal fold indicate 
that the nature of the union between protoloph and metaloph was 


Fic. 2. Pseudelurus? sp. Mandibular fragment, No. 27247 U. C. Coll.; lateral and 
superior views, X1.0. Thousand Creek Pliocene, Nevada. 


much as in P. fairbanksi. The complete protocone is not known; 
so far as can be determined it was small and only slightly compressed 
laterally. So far as the characters of the upper cheek-teeth are 
concerned this species seems to belong nearer to the P. fairbanksi 
type as represented in the Ricardo and Rattlesnake forms than to 
any other species, unless it be P. supremus. 


Pliohippus sp. 


Several lower cheek-teeth from the Thousand Creek beds repre- 
sent a Pliohippus of a type near P. fairbanksi of the Ricardo Plio- 
cene. These teeth are long crowned and very heavily cemented. 
The outer walls of the protoconid and paraconid are convex. The 
metaconid-metastylid column is short anteroposteriorly and its 
inner gutter tends to be angular. Specimen 22423, including P2 to 
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P4 and an associated M3 (fig. 3a, b), closely resembles No. 21346 
from the Ricardo and No. 22388 from the Rattlesnake. The latter 
specimen has been referred to Pliohippus spectans (Cope). The 
M3 associated with the premolars in the specimen from Thousand 
Creek also closely resembles the corresponding tooth of No. 22388 
from the Rattlesnake. 

A M2 from another locality, No. 2745, shows some resemblance to 
that of a Ricardo species, No. 21789, referred to P. tantalus, but its 


Fic. 3. Pliohippus sp. Lower cheek-teeth, No. 22423 U. C. Coll.; lateral and occlusal 
views, X0.92. a, P2 to P4; 4, M3. Thousand Creek Pliocene, Nevada. 


similarity to the P. fairbanksi form of the Rattlesnake might be as 
close if a specimen of corresponding stage of wear were available for 
comparison. 


MeEaAsureMENTS (1n Mitutmeters) or No. 22423 


P2anteropostenion diameter! sine. (h) 1s eere tase See ee ea 26. 
P2Woreatestitransvyetserdiame tera ae nen enema eee eae 16. 
P3vlanteropostenion diameters a eNews u cae mera tne Nae eat eM alan he neta 26.1 
P3ifereatest transverse diameters... Uva se as aye tint nue ae Oe ae 18.3 
P4.anteroposteriordiametersay- naan olen ae ae eee ee 26.2 
PAvitransverse diameters: Mela ey Gepeed cD yee Vie ee tee Ua cn En OS 

M3 anteroposterior diameters: (aun nya ees ae eee eee ee tae 30. 


Mgiereatest transverse diameter nin ct ae eniy ene eee een: 11.4 
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Hipparion (Neohipparion) leptode Merriam 


A fragmentary skull and lower jaw of a Hipparion, No. 27126 U. 
C. Coll., found by Miss Annie M. Alexander and Miss Louise Kel- 
logg in the Thousand Creek beds in 1920 give a nearly complete 
representation of the upper and lower dentition. Associated with 
this specimen and undoubtedly belonging to the same individual 
are the remains of its front feet. 

In No. 27126 only a small portion of the lower orbital rim 1s 
preserved. Below and anterior to this border the crista facialis 
extends forward and is perhaps somewhat accentuated as a result 
of a little crushing to which the side of the face has been subjected. . 
The crista descends and disappears above the anterior end of M1. 
Malar and lachrymal fosse are not defined. The surface of the 
maxillary anterior to P2 and above the palatal border forms a deep 
concavity (fig. 4). 

The palatal portion of the skull is likewise poorly preserved. The 
posterior palatine foramen lies opposite the anterior end of M3. 
The maxillary tubercle is not large and separates a broad groove 
situated along its inner side from a short and narrow groove behind 
the last molar. 

With the possible exception of Hipparion mohavense from the 
Ricardo, the dentition of no other Hipparion species of the Great 
Basin or California Tertiary is as completely known as that in the 
present specimen. A single upper incisor, [2?, is shown in figure 4a. 
The upper canine (fig. 4c), is very small. The upper cheek-tooth 
series, P2 to M3, is completely preserved. Pi is absent. The 
teeth (fig. 4) are well cemented. They are characterized by having 
large and considerably elongated protocones and rather compli- 
cated enamel folds bordering the fossettes. In the premolars the 
inner wall of the protocone tends to be flattened and the antero- 
external end is pointed and is directed outward and forward toward 
the inner wall of the protoconule. The anteroposterior diameter of 
the protocone is more than twice as great as the transverse diameter. 
The hypocone is small. The pli caballin projects inward and slightly 
forward in M3, directly inward in M2 and M1, and inward and 
backward in P4. In P3 and in P2 this structure is broadened and 
shows evidence of division. Although the enamel borders of the 
fossettes show numerous plications, particularly the posterior border 
of the pre-fossette and the anterior border of the post-fossette, the 
pattern 1s not as complex as that in Hipparion mohavense. 


Smee 


1056 PUBLISHED PAPERS AND ADDRESSES i 


Tt. 
a) : i a ¥ 


« i 
Out ac Hit 
are 


, fi! 


em pices, 
eile 
eerie es 
1 fs We 
ies 4, 
i or 
‘ Da) os 
A haan 
-aottt st UR Sat x 


Petals: 
é 


eo 
ame an 
va “hh 


Thousand Creek Pliocene, Nevada. 


, Superior incisors; ¢, superior canine. 
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Fic. 4. Hipparion (Neohipparion) leptode Merriam. Skull fragment and superior dentition, No. 27126 U. C. C.; lateral and inferior 
, 0.66. 


. 


VIEWS 
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In the fragmentary upper tooth,* No. 12581 U. C. C., found at the 
same locality with the type of Hipparion leptode, the fossettes are 
quite narrow, but this character may not be emphasized more 
strongly in No. 12581 than in teeth of No. 27126. 

The lower dentition and the anterior portion of the lower jaw are 
shown in figure 5. The incisors that are preserved have large pits 
with heavy deposits of cement. The lower canine is very small. 
The lower cheek-teeth are narrow and also heavily cemented. 
The metaconid-metastylid column is long anteroposteriorly, with a 
broad longitudinal furrow in the posterior premolars and in the 
molars. This groove deepens in the premolar series from P2 to 
P4 and remains deep in the molar teeth. The furrow is distinctly 
deeper and wider than in lower teeth of Hipparion mohavense. In 
the premolars the entoconid is long anteroposteriorly and its anterior 
end is pointed. In all the cheek-teeth, with the exception of M3, 
the hypoconulid (of Osborn) projects distinctly beyond the inner 
wall of the entoconid. The outer walls of protoconid and hypoconid 
tend to be flattened. A small fold is present at the antero-external 
angle of the tooth except in P2. In addition to this fold a strong 
external ridge at the anterior end of the hypoconid is present. This 
ridge is particularly prominent in P4. In the premolars it projects 
directly outward, in the posterior molars outward and slightly 
forward. 

Relationship of No. 27126—In both the type of H. /eptode, No. 
19414 U. C. C., and No. 27126 the lower tooth-crown is narrow and 
slender, with the metaconid-metastylid column and inner furrow 
revealing similar characters. In both specimens, also, a strong 
external ridge is present on the hypoconid as well as at the anterior 
end of the protoconid. There appears little reason for doubting, 
therefore, the specific identity of the two forms. The lower tooth 
described by Merriam’ as the type of this species was regarded as 
representing M2. A comparison of the tooth with the complete 
set of molar teeth in No. 27126 indicates that No. 19414 resembles 
M3 rather than M2 in certain of its characters, as for example in 
narrowness of the tooth-crown, in posterior elongation of the hypo- 
conulid, and in, perhaps, the attitude of the external ridge of the 
hypoconid. It appears quite possible, therefore, that the type of 
HH. leptode is a third lower molar. 


4 J.C. Merriam, Univ. Calif. Publ. Bull. Dept. Geol., vol. 6, p. 263, figs. 32a, 32, 1911. 
5 J. C. Merriam, Univ. Calif. Publ. Bull. Dept. Geol., vol. 9, pp. 3-5, fig. 3, 1915. 
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The Hipparion species of the Ricardo horizon have uniformly 
smaller and less elongated protocones. The nearest approach 
among the Great Basin hipparions is in the Rattlesnake Pliocene 
forms, among which compressed and elongated protocones predomi- 
nate. H. sinclairii of the Rattlesnake may havea large and strongly 
compressed protocone, but teeth referred to this species may be 
smaller than No. 27126. Several specimens from the Rattlesnake 
fauna referred to Hl. occidentale have dimensions comparable to 
those of No. 27126 and show compression of protocone combined 
with complication of enamel folds. Among these specimens are 
lower teeth that clearly bear a close resemblance to comparable 
teeth in H. /eptode. It seems not improbable that Hipparion 
leptode, H. sinclairit and H. occidentale represent a group of very 
closely related species. 


MEASUREMENTS (IN MILLIMETERS) OF DeEntitTIon, No. 27126 


ike, PATS CMNGRITS GHANA cosadssooaocsoudosoononpognaaucodeaon ods 15.4 
ise, PARSEKIES GRAOTVARD CHevoosta?. - ebsdagoooocddoduPpuoBowdobuaugobodacda 16.6 
CVereatestianteropostenionmdiametens een ya rice elie eine ace 4.7 
2MaAnteroposten Olsdiametciwe nym waa c) cheers hore ee cle ale slsyevellnishe oleic) ¢ ois Df ik 
LY Noreates tatransvetseraiaime tetera ei eee tata) eV al tel iit ll 20%; 
PSsMantero posteriomarame tery aenirweres cil telelane cy assert aie estes ale Sensi slat 24.2 
SmeteatesestranSvetse dlametetnmny trey tips. Scr eie sls ees SoA 
pAwantenro posterior diame terannin a we yan Mn Mau aan b A cea calc alsie ee ulerlia dis ¢ DOES 
RAvereatesuichansversenalameten pememe ciametrieieras aici ictacters sie aie. eleiel eke s 22.5 
Wiianteropostenioniaiametetpyye mira shat ciereretrctciahcstais sytutvas s/s, nieve aiayar sete Dye 

NDI ereatestitransyverseraiamecensanmrny er onset) ers sere ite, ciey ays 22.6 
IM2Manteropostenionidiametencmu rier ervey oie eleva distars cite elle oe eledeye esate 22.3 
NiuMoreatestuutransverserdiametenis sete elaicieiaeiels loe ie aril lle loko Dil 

Niswanteroposteniordiametery emt ierrieerkt ry sais icy slates) vse foereh tone DDT 
INIGMEranSverserdl ameter sane pre aicre ee tavetaded eae er oie re olrote ars ale eetatineer ey nebo heur 117.3 
ienethvotuppencheek-too thiseriess aitop Miser tener ieee ae ree 41. 

IVlmeransverserdiaMme renin ue us Moun un tend mu van UR ANIME CURIS 14.3 
MgMoTeAtest dtametenwm en gisny cinerea initne s/o layed se sbcaue 4s syateties «\Glancuseire' oi 
OwantecopostenOnrdiame tery oases el eaeiee ere Ma lal? ate acts han © 4.1 
2 Mantero poste nomalametenssn mis urea neater sees Me ety ne ee a4 ao aul 24.8 
amercatectathansverserdiameten weiner i rrr ie ic pease aie oles 183, 

RGhanteroposterion diameters nh setae cate Seale qeriele yen Ream sv a: 23.8 
bsupreatestithansverse/diameter nnyyiae alan en ae yaar r seta ps 14.5 
RAvantcroposteriondiametenan rea yiMel sn tara cratuetN RUG Al Walaa. BU 
bAWcreatestytransverse diameters \ yee acy. aioe onan Wake Ei ePvsiaosey sie 14.4 
Mirvanteroposteniordiametenmmmn cri sivas asides a ci P Mpa aa wn rari. katie 22.8 
MilMereatestatransverse(diameteran ne ms rian eerie nei at a et ee 13. 

MaManteroposteriordiame ten anna y sna acetals ale sale aya eerie se ata 24.2 
MoMoreatestitransverseidiameten yy iit We vel. a ii in ante ania actors: 12.6 
Msanteroposteriondiametenn. Vauniie i: ese aaleae ener ue cialeve ae sins s a) 25. 

NBSereatestitransverseidiameter tan rae wena aeieie einai siete erste a 10.4 


Length of lower cheek-tooth series, P2 to M3.............00cceeeeneeeee 144.3 
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Associated with the skull and lower jaw of No. 27126 are the 
remains of the two front feet. An incomplete specimen representing 
the right front foot of Hipparion leptode 1s shown in Plate I, figures 
1 and 2. Unfortunately metacarpals II and III are not entirely 
preserved, but the fragments which remain indicate conclusively 
that the elements flanking metacarpal III were completely formed 
and carried side toes. One of the lateral digits occurs in the collec- 
tion. It is shown in Plate I, figure 4, as representing the fourth 
digit of the right front foot.® 


Fic. 6. Hipparion (Neohipparion) leptode Merriam. Left magnum, No. 27126 U. C. C.; 
X1.0. a, distal view; 4, proximal view; ¢, inner view, showing facets McIII for metacarpal 
III, Sc, for scaphoid, Lu, for lunar, Td, for trapezoid, and McII for metacarpal I]. Thousand 
Creek Pliocene, Nevada. 


The carpus includes the magnum, lunar, pisiform and cuneiform. 
In the magnum (fig. 6a, 4, c) the anterior portion of the articulating 
surface for the scaphoid is relatively broad anteroposteriorly. The 
posterior end of the lunar facet does not bend downward as much as 
in Equus. The opposite surface for the metapodial, as shown in 
figure 6c has a somewhat different shape from that in Eguus. The 
upper anterior facet for the trapezoid 1s noticeably concave in its 
longest diameter. No posterior facet for the trapezoid 1s present. 
In anterior view the lunar is seen to be slightly less wedge-shaped 


6 The possibility that the digit is the second of the left front foot does not appear, however, 
to be entirely eliminated. 
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than in Eguus, and the element is less constricted through its middle 
than in the latter genus. The facet for the unciform is relatively 
broader than in Equus. The posterior knob or process above the 
facet for the magnum is less prominently developed in the Pliocene 
form than in Eguus. The cuneiform and pisiform are shown in 
figure 8. 
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Fic. 7. Hipparion (Neohipparion) leptode Merriam. Right lunar, No. 27126 U. C. C.; 
1.0. a, distal view; 4, proximal view; c, outer view; d, inner view, showing facets Mg, for 
magnum, Un, for unciform, R, for radius, Cn, for cuneiform, and Sc, for scaphoid. Thousand 
Creek Pliocene, Nevada. 
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Fic. 8. Hipparion (Neohipparion) leptode Merriam. a and 3, right pisiform, views of 
outer side and articulating end showing facets R, for radius, Cn, for cuneiform. c and d, left 
cuneiform, outer and inner views showing facets Lu, for lunar, Un, for unciform, and Pi, for 


pisiform; X1.0. No. 27126U.C.C. Thousand Creek Pliocene, Nevada. 


Metacarpal III is a slightly longer but decidedly stouter element 
than that of Hipparion whitneyi. At the proximal end the plane of 
the unciform surface makes an angle of 46° with that of the magnum 
facet. ‘The shaft increases slightly in width downward from the end 
of the proximal fourth. In broadness of shaft this element differs 
somewhat from that in H. whitneyi. On the posterior face of the 
distal articulating surface the lower limits of contact between this 
surface and the sesamoid bones are plainly marked. The median 
keel in this region is sharp, while in front it becomes rounded. 
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The side elements, metacarpals II and IV, are completely devel- 
oped although not entirely preserved in No. 27126. In H. whitneyi 
the shaft of the lateral metapodials becomes of splint-like propor- 
tions in the lower three-quarters of its total length, although the 
lower end expands and supports a lateral digit. In H. /eptode the 
shaft of the lateral metapodials is more strongly developed, thus 
reflecting in this respect also the greater robustness of the foot as 
contrasted with that of the Great Plains species. While no facet 
is recognized at the proximal end of metacarpal II in No. 27126 sug- 
gesting the presence of a rudiment of metacarpal I, a relatively 
large facet is present on the fourth metapodial for a rudimentary 
fifth element. 


Fic. 9. Hipparion (Neohipparion) leptode Merriam. Lateral digit of manus, No. 27126 
U. C. C.; X1.0. a, phalanx I, superior view; 4, phalanx II, superior view; ¢, phalanx III, 
superior and inferior views. ‘Thousand Creek Pliocene, Nevada. 


The single lateral digit consisting of three phalanges present in the 
collection has essentially the characters seen in H. whitneyi. The 
individual elements are distinctly larger than in the latter species. 
In phalanx II the outer half of the posterior lower margin is drawn 
backward to form the border of a distinct process. In phalanx III 
the outer portion of the segment is carried backward to form a thin 
plate of bone lying below and in back of the proximal articulating 
surface. Beneath the proximal articulation the ventral surface 1s 
perforated by several vascular foramina. The anterior portion of 
this surface is convex transversely. The superior surface is decidedly 
rugose along the anterior border. 

Excepting size, the phalanges of the median digit again show re- 
semblance to the comparable elements in H. whitneyi. The apex 
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of phalanx III is cleft, although relatively not as deeply as in the 
latter form. 


MEASUREMENTS (1n Miuuimeters) oF Foot Evements, No. 27126 


Carpals— 
Masnumyoneates tithansverseraiaine terse) cy eyes eli aed | paraded ele Sono 
Magnum creates tian teroposteniotalameter err eat ieee 30.8 
Marnumwereatestydorsouventtalidiameter perce aas see ieee 18.9 
unamigreatestienansverseidiameten swans es aa) es ae ears 24. 
Munatyoneatestantero postenlondiameteh eeee ney ren cee ia yeahs 27.8 
unapeercatestd olconventhalidiameten nem nis wae easier: 25.8 
@uneitormaydorsosventralidiameten eer eon ioe ocke ene DAT 
Pisitormmotcatesty lengthy thtouchemiddlesemn ner rere nas eee 38.7 
Metacarpal II— 
Greatest diametcwon proximalendaereep mn emer esas) ae ene aera eae 17.8 
Greatestidiametenoiaistalvarticulating) endure aia aae eerie a 18.2 
Wdcansverserdiametewoncdistalsanticulationaearr yy) ira er hia aac 9.8 
Metacarpal IIJ— 
Greaves tylenachmmmcyy yan <vannis barnan ey Mer mem 2k Lo. Ce 228.2 
Widthroitproxamaliendun iy sets ninnnrc ste cole iin BA AL Wau, 38.5 
Anteropastenondametemoproximalyendeme racine aciraiicr A) 
iiransverseralameteta tind dleroisial Gwenn ee era enya er is ree 25.9 
ANteropostenioniaiametenatmiddle ofshatt nays deere. or 21.5 
Tenoverss chamuaias of chstall Giclcoovscasenoesoco6000banaconnogveoer 34.7 
Ai CeLoOpostenolaiametermtnrouchumecianikee ln nnn hier nna errr 29.6 
Metacarpal IV— 
Createstdiameteiomproxima lend Maney winnaar er rae eit 5) lee 18. 
Lateral digit— 
Bhalanxeloreates len othtyy rey serene ene sieabel tere ects lees eis 39.1 
Phalanx I, greatest transverse diameter of proximal end................ nS 
Phalanx I, greatest dorso-ventral diameter of proximal end.............. 18.2 
Phalanx I, greatest transverse diameter of distal end................... Se 
Phalanxeliiereatestslenothythroughimiddleseeerr haceree aise rc noe) plone 
Bhalanxelloreates thwicdithiee wed amie isedtalstane eucreiei a) aieie enna site Slenaiey 14.8 
Phalanx lileioreatestawid Gis. yan t et eae ce eid siacsie: els etoleate «ele ners a Dil 2 
iBhalanxelilllaid orsosventralidiameter ere nonin eee SPS 
Bhalanxelileienptihees wane waist Ne taie wee th Yulara ceinialcns Noi Us ictal d ce ely 0.8 
Digit I1I— 
iBhalanxelMoreates tileng them ewety wes elvslenea ci cba San nausle nnd Ua ls 67. 
nialansalbgereatestidepchyomproxdimialtendupe. ern ian ae ena nine ie 29.3 
Iphalansalwereatestawid hyo proxdmallendenenmscny aoe b saree ea 38. 
Phalanxulitvcreatestilengthemiyiiie) arom. unc anane  Gn eal War Lad 38.7 
Pinellas INL, wackdn, Or jemorormeall @oraly ss SUbeoocooeeootsonsoosddoondauces 37.4 
phalans@iliiMoneatestylemotmern dae i ieyn usin een i Cab neal ieee Nl ly 60.8 
Bhalanxellioreatestiwidthyaanyea seinen enny a Mats ci) MMR MAMPI RUS TAP ty 56.7 


phalanx liorcates tdorso-ventralidiametenyw me ane er eee 34. 


1064 PUBLISHED PAPERS AND ADDRESSES 


Hipparion leptode Merriam or H. occidentale Leidy? 


A single upper cheek-tooth, No. 22380 (fig. 10), represents a 
Hipparion form similar in size to No. 27126. The occlusal surface 
exhibits a large and elongated protocone and the enamel borders 
of the fossettes show slightly more complicated folds than in No. 
27126. A short spur of enamel suggests a pli caballin. While the 


Fic. 10. Hipparion leptode Merriam or H. occidentale Leidy?. Upper cheek-tooth, No. 
22380 U. C. C.; lateral and occlusal views, X1.0. Thousand Creek Pliocene, Nevada. 


protocone is comparable in length to that in teeth of No. 27126, 
it is noticeably wider transversely than in the latter specimen. 

No. 22380 may represent H. /eptode or may be referred provision- 
ally to Hl. occidentale. 


MeasureMENTS (iN MiLiimeTERS) oF No. 22380 


Anteroposterior diameter ener ene Hien see aes aes Petras ree rete: 24.3 
Pransverse Giameten eos Nive nia Napengy els ia ve sles e ele a por Ina ne Oya SP SDS en Ie 22.3 
8 
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Teleoceras fossiger (Cope) 


Rhinocerotid remains are abundantly represented in the collec- 
tions from Thousand Creek, but the material usually represents 
_ fragmentary and incomplete parts of the skeleton. 

__ A fragmentary skull and lower jaw with dentition, No. 22901, 
furnishes perhaps the most satisfactory evidence on which deter- 
_ mination of the Thousand Creek type can be based. Unfortunately 
only a small portion of the face and a part of the zygomatic arch 


Fic. 11. Teleoceras fossiger (Cope). Nasals, No. 22901 U. C. C.; X0.50. a, superior, 4, 


lateral, c, inferior view. Thousand Creek Pliocene, Nevada. 


remain in the skull of this form (Plate 2), but the cheek-teeth are 
fairly well preserved. The jugal is heavy and deepens posteriorly. 
The antorbital foramen is situated at a relatively short distance in 
front of the maxillo-jugal suture and lies above the anterior end of 
P3. The nasals, shown in figure 11a, 4, c, are slender and narrow 
anteriorly. While similar in character to those of Te/eoceras 
described by Matthew,’ the nasals in the Thousand Creek form do 
not possess a distinctly rugose upper surface of the anterior end. 


7W. D. Matthew, Bull. Amer. Mus. Nat. Hist., vol. 38, p. 202, fig. 9c, 1919. 
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The upper dentition in No. 22901 consists of P2 to M3. The 
molar series is noticeably longer than the premolar series. In the | 
premolars and in the first molar the pre- and postfossettes are 
closed and the prefossette is distinctly larger than the postfossette. 
In M2 well-developed crochet and antecrochet are present, but the 
crista seems to be absent. 

Only the anterior portion of the lower jaw is present, but the lower 
dentition is well preserved (see plate 3). The symphysis reaches 
back to a point opposite the middle of P4. A mental foramen is | 
situated close to the inferior border and below the middle of P4. 
The diastema between the incisor tusk and the anterior premolar is 
very short and the side of the jaw in this region is deeply concave. 
The distance between the tusks is also very short. Very small, 
shallow depressions are present on the anterior border of the 
symphysis. 

The lower tusk is large and sweeps upward in a decided curve, the 
tip reaching a point well above the level of the tooth-row. The 
worn surface of this tooth is well shown in Plate 3. The lower 
cheek teeth include P3 to M3, with a remnant of a root representing 
probably a rudimentary P2. 

A number of foot-bones in the collections from Thousand Creek 
belong without much doubt to the short-footed Teleoceras. The 
metapodials exhibit characters very close to those seen in compar- 
able elements of the Great Plains species. 

The rhinocerotid types of the Ricardo deposits, Mohave Desert, 
California, are clearly distinguishable from the Thousand Creek 
genus. These forms have been described as belonging to 4phelops 
and to Peraceras? ‘The lower jaw from the Ricardo which has been 
provisionally referred to Peraceras® differs decidedly from Te/eoceras 
in the greatly shortened symphyseal region and in the absence of 
a lower tusk. The presence of these forms in the Ricardo fauna 
and the absence of Te/eoceras may be taken as a further indication 
of the faunal difference which exists between the Ricardo and 
Thousand Creek horizons. 

It appears quite possible that several distinct rhinocerotid genera 
occur in the Rattlesnake fauna. Metapodials of short-footed forms 


Ne ea a a eT zp ASE Nets I 


| 


8 C, Stock and E. L. Furlong, Univ. Calif. Publ. Bull. Dept. Geol. Sci., vol. 16, pp. 50-51, 
pl. 10, 1926. 
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having considerable resemblance to those of Teleoceras fossiger are 
known from the Rattlesnake deposits. 


MEeEAsuREMENTS (1n MILLIMETERS) oF DeEntitI0n, No. 22901 


Aman telopostenotadiame tetarer seciyy te emit sobs ail sa lae titre, Sisko tei cle) hose 30.9 
J athaliS vier seyalalM etelename yea trail eic eta clers se sue egeial stare atciay avenge na(at gale i) duets Rh 

PA WanteroposcerlonjdialMe tensive iar vere ie els olealobepsieh altel weitere erty als 47.2 
IPAMtransversexaiametetrare uae ie mere Gen aunbiuil. Meoav ewe en i IN! I, 64.3 
Nil antero posteniOnalaimetenyicy yy ta sii ary sister lPys vuole io. Hslislalcleiael aio) sys 51.9 
MIIPRtransverserdlaime tena ena ewe siete ie eeu Wintel aa H Ne aust uau ie ae bac astsle ave 65.4 
Length from anterior end of P2 to posterior end of M1................... 146.3 
Lower tusk, greatest anteroposterior diameter at base of worn surface...... 28.4 
Lower tusk, greatest transverse diameter at base of worn surface........... 56.4 
Swan Cero posterior diame telnet tah MI Sale chee ou aise erage sclera oc a34. 

RSME thansVeLserCIAamMeter tay Perr MR eR T RNS csleicle ech oie blurb) sveiel d aitals aoaleve odels 28.2 
Amant cropostenondiame ten meme jijacy anya Wag) cl. fod adel eeian is ee 40.9 
IDAMtransyersevaiaimie te Ln vat ee were eek alin Res Wo eu i yt 29.3 
MiManteropostenomatame tel earns rere cae ae asin 42.6 
IMitietransverserdiamcter rian vam Wye Rtn Cy bt he a a a29.2 
WigwanteroposteriOrgGlam eter we mywinien amen ie. Meuse he. a vie esis ¢ a8 .6 
NWiaMtransverserdiameten my mein tun weenie NS ies aes 
Meira tero posterior diame tehamnan eMart ei Acr eae sleriai ce cicie ces oe: SDP 

IMB Merans verse diamecer wey eewneys Cumin es Theda k heii tie se echo o kes « 30. 

Length from anterior end of P3 to posterior end of M3................... a2i4. 


In measuring the individual cheek-teeth the greatest diameters have been taken. 
a, approximate. 


Prosthennops sp. 


Little additional peccary material has been obtained since the 
original description of the fragments of the dentition from the 
Thousand Creek beds.® 

Three premolar teeth and a portion of the maxillary, No. 30040 
Mus. Pale. Univ. Calif. Coll., are shown in figure 12. The speci- 
mens were found at Locality 2744 U. C. Mus. Pale. The teeth 
represent P2 and P3 of the right side and P4 of the left. 

P2 is a relatively large tooth, rudely triangular in shape. Two 
cusps are present on the outer side of the crown and are separated 
by a cleft which extends outward, backward and upward. An 
Inner posterior cusp or incipient cusp is also present and a cingulum 
extends along the inner side. In the presence of three cusps, this 
tooth is apparently like that of Prosthennops serus (Cope) from the 
Upper Snake Creek. In possessing a greater number of cusps P2 


9 J. C. Merriam, Univ. Calif. Publ. Bull. Dept. Geol., vol. 6, pp. 272-275, figs. 52 to 53a, b, 
c, 1911. 
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differs from No. 11876 U. C. C., a tooth described from the Thous-'! 
and Creek beds by Merriam? and provisionally regarded as P2. 

P3 has three principal cusps of which the inner anterior one is the | 
largest. The outer anterior cusp is larger than the outer posterior 
cusp. A cuspule of minor size lies in the region to the inner side of | 


posterior cingulum is well developed. P3 resembles in baie, and| 
in a measure also in the arrangement of the tubercles the tooth, | 
No. 11876, provisionally regarded by Merriam" as P3 of Prosthen-| 
nops from the Thousand Creek. 


i 
{ 


Fic. 12. Prosthennops sp. Maxillary fragment with P2, P3, and P4, No. 30040 U. C.C.; 


1.0. a, lateral view, 4, occlusal view, c, occlusal view of P4. Thousand Creek Pliocene, 


Nevada. 


In P. serus from the Snake Creek, P3, according to Matthew, has 
four main cusps. 

The crown of P4 (fig. 12c), accompanying the maxillary fragment 
at Locality 2744 represents the tooth of the left side. This tooth is 
quadrate in shape and possesses an anterior transverse row of two 
cusps and a posterior transverse row of three cusps. The increase 
to three cusps in the posterior row is due apparently to a division 
of the inner posterior cusp into two parts. A cingulum is present 


10 J, C. Merriam, op. cit., fig. 53a, p. 273, 1911. 
J. C. Merriam, op. cit., fig. 53d, p. 273, 1911. 
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at the antero-internal corner and likewise at the postero-external 
corner of the tooth. 

The maxillary fragment in No. 30040 U. C. C. includes small 
portions of the palate and face. The palatal portion is traversed 
by a canal. The facial portion exhibits the furrow or depression 
leading to the infraorbital foramen. In this depression and at a 
point above the anterior end of P3 is the opening of a nutrient canal 
leading into the root region of the anterior premolars. 


MEASUREMENTS (1N MILLIMETERS) OF No. 30040 U. C. C. 


b2noreateseiantero postenionmGiametereey- Layee eee enero teeta 68 
129). (ARSENATE CALITO GUANUNARE, co bibinpoocanbodeaddscooKabodogonsooegeur 10. 

ipswereatestianteropostenlormdiameter peer Mr annnnen yen rise any eee re so 10.9 
InGMokeatesmenansverserdiametetyen remem iain terry eerie rete re tied 
na Createstanteropostenionm diametenmr rrr enna cecil alsin 12.2 
Rav oreatestueransvetseraiame tele yyw is hat Ain Seco cla oye ieay 12.5 


Sphenophalos nevadanus Merriam 


Several specimens representing the bases of horn-cores of Sphe- 
nophalos nevadanus illustrate the typical characters of this species. 
Among these No. 22427 illustrates better than any specimen found 
up to this time the spreading type of horn with wedge-shaped cross- 
section, described in an earlier publication.2 Unfortunately none 
of the known horn-cores show the summit. Nearly all of the speci- 
mens are broken off in much the same way and at nearly the same 
point, which suggests that there may have been a zone of weakness 
in this region, or that the bone above this point was of a somewhat 
different nature. 

A small specimen, No. 22429 (fig. 13), less than half the size of the 
typical adult Sphenophalos nevadanus, shows a horn-core with a 
transversely flattened cross-section and a slight upward flare. Ata 
distance above the base, somewhat less than twice the greatest width 
of this horn-core, the upper region is noticeably constricted by an 
outer or lateral longitudinal groove beginning near the base of the 
horn and by a faint concavity of the upper end of the median side. 
The cross-section of the horn at this point is dumb-bell-like and the 
contour of the surface suggests a division into two terminal spikes 
or points of approximately equal size at a short distance above this 
section. There is a slight element of twist in this specimen which 


2 J. C. Merriam, Univ. Calif, Publ. Bull. Dept. Geol., vol. 5, p. 326, 1909; iid, vol. 6, p. 
286, 1911. 


1070 PUBLISHED PAPERS AND ADDRESSES 


bends the anterior portion of the horn-core laterally or outward as 
in Sphenophalos nevadanus. 

A third specimen, No. 22430 (fig. 14), represents a still younger 
animal with horn-core not more than half the size of that in No. 
22429. Inthe smallest specimen the complete, strongly compressed, 
band-like horn-core has a length not more than one and one-half 
times its greatest width and terminates in two approximately equal 


Fic. 13 Fic. 14 


Fics. 13 anp 14. Sphenophalos neoadanus Merriam. MHorn-cores; X1.0. Fig. 13, No. 
22429 U. C. C.; fig. 14, No. 22430 U. C. C. Thousand Creek Pliocene, Nevada. 


points or spikes. The horn-core is slightly twisted and apparently 
the anterior spike is twisted outward. 

While the available material is insufficient to furnish full proof, 
it is certainly strongly suggested that the smaller specimens, Nos. 
22430 and 22429, show a transition series illustrating the origin of 
the horn-core in Sphenophalos nevadanus. ‘The smallest specimen 
may represent a young individual of S. nevadanus or might be a 
distinct but smaller species. It is not improbable that complete 
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horns of S. nevadanus will be found comparatively short and may 
terminate in two small spikes. 

Although the characters of Sphenophalos seem still quite distinct 
from those of J/ingoceros and the smallest horn-core, No. 22430, 
with complete, bifurcated tip is presumably nearest to Sphenophalos, 
this horn-core offers a suggestion as to origin of a previously de- 
scribed, bizarre horn-core (No. 11893) with bifurcated tip and 
spirally twisted shaft. This peculiar specimen has been referred 
to Ilingoceros on account of its spiral shaft. The divided tip is 
possibly a heritage from a common ancestor of both Sphenophalos 
and Ilingoceros. 


13 J. C. Merriam, Univ. Calif. Publ. Bull. Dept. Geol., vol. 6, p. 293, figs. 73a, 734, 1911. 
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MERRIAM AND STOCK, II 


Teleoceras fossiger (Cope). Skull and superior dentition, No. 22901 University of California 
Collection. Thousand Creek Pliocene, Nevada. 


Lateral and inferior views, X 0.45 


_  MERRIAM AND STOCK, II PLATE 3 


Teleoceras fossiger (Cope). Mandibular ramus and inferior dentition, No. 22901 Univer- 
sity of California Collection. Thousand Creek Pliocene, Nevada. 
Lateral and superior views, X0.45 
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THE OCCURRENCE OF TERTIARY MAMMALIAN 
REMAINS IN NORTHEASTERN NEVADA 
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INTRODUCTION 


Nevada kindly forwarded to the writer for examination a 

small collection of mammalian remains found in exposures on 
the North Fork of the Humboldt River about forty miles northeast 
of Elko, Nevada. The collection was obtained by Dr. C. W. West 
of Elko, and by him presented to the University of Nevada. Profes- 
sor Jones visited the locality at which the bones and teeth had been 
obtained by Dr. West and secured additional material. Although 
the specimens obtained are all very fragmentary, it is deemed 
important to place on record such information as is now available, as 
it assists materially in interpreting the Tertiary history of Nevada. 


S EVERAL months ago Professor J. C. Jones of the University of 


OccURRENCE 


The occurrence of the mammalian remains obtained by Dr. West, 
and the geological relations of the beds in which they were found, 
were carefully examined by Professor Jones, who has kindly fur- 
nished the following discussion of the locality: 


The deposit of Tertiary sediments from which the bones were taken is located 
on the North Fork of the Humboldt River about forty miles northeast of Elko, 


University of California Publications, Bulletin of the Department of Geology, vol. 8, no. 12, 
pp. 275-281, December 10, 1914. 
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near the ranch of George McKnight. The area is included in the beds mapped 
as Pliocene by the Fortieth Parallel Survey. As noted on their map, these beds 
cover a wide area in the Elko region. 

The bed from which the dark-colored Tertiary bones were taken is a lense of 
yellow silt showing no signs of stratification and about fifty feet in thickness, 
lying a short distance above a flow of basic andesite. Both silt beds and basalt 
dip about twenty degrees to the southwest and the silt projects in two or three 
small knolls from the face of the hill, The bones are very soft in the damp silt, 
but on weathering out seem to harden so that they may be safely handled. It 
will be very difficult to dig the bones from the silt without taking special precau- _ 
tions to preserve them. They are in a fragmentary condition in the silt, and it 
does not seem likely that a complete skeleton or even a skull will be found in this 
particular deposit. 

There are at least two igneous flows at this locality, a rhyolite and an andesite, 
together with local lenses of tuff. By tracing them out it may be possible to 
understand the structure and correlation of the lake beds. 


Professor Jones noted also the presence of beds of apparent Pleis- 
tocene age in the region of the North Fork of the Humboldt, and 
within the area mapped as Pliocene by the King Survey. 


COMPOSITION AND RELATIONSHIPS OF THE FAUNA 


The total faunal representation from the Tertiary beds at the 
McKnight locality includes four forms, of which only one, the Mery- 
chippus, might permit specific determination. The list of forms 
recognized is as follows: 


Merychippus, sp., near isonesus (Cope). | Camelid, sp. 
Merycodus?, sp. Carnivore fragment. 


The collection as a whole suggests a faunal stage certainly not 
older than the Middle Miocene of the Virgin Valley or Mascall, and 
probably not younger than the Upper Miocene Mohave beds. This 
assemblage represents a stage more primitive than that of the 
Ricardo Pliocene, which is the next faunal stage known after the 
Mohave in the Great Basin. Forms like those found at the 
McKnight locality have been reported from the Snake Creek 
Pliocene of the Great Plains region, but they are there associated 
with much more advanced types. A collection from a horizon 
with a fauna containing only a small percentage of primitive forms 
would probably not consist solely of the simpler types without 
those of more advanced stages. 

The little collection from the McKnight locality resembles in gen- 
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eral the faunal stage of the Cedar Mountain beds southeast of 
| Walker Lake. The Cedar Mountain fauna is in general like that 
_ of the Mohave, but may be a somewhat earlier stage. The writer! 
_ has considered the Cedar Mountain fauna as early Upper Miocene. 
The locality at the McKnight Ranch is reported by Professor 
_ Jones to be within the limits of the Pliocene as mapped by the For- 
tieth Parallel Survey of King. It les approximately in the region 
_ from which King? described the only Tertiary fauna referred to the 
Pliocene in the Nevada region. The locality from which the Plio- 
cene fauna is reported by King is described as “Bone Valley, which 
is drained by the waters of the North Fork of the Humboldt.” Mr. 
S. H. Gester, who has done extensive geologic work in the Elko 
region, informs me that while working in this area he learned of an 
occurrence of fossil bones at a locality known as “Bone Valley,” 
situated within the limits of an area a few miles in diameter, which 
would include the McKnight locality. 

The fauna listed by King from Bone Valley, Nevada, consisted of 
Merychippus mirabilis, Protohippus perditus, and fragments of 
Cosoryx. The Merychippus of King’s report may well coincide with 
that obtained by Professor Jones and Dr. West. A worn tooth of 
Merychippus may easily be confused with Protohippus, as has often 
occurred. The Cosoryx mentioned by King is synonomous with 
Merycodus of the collection submitted by Professor Jones. 

Considering all of the evidence, it seems to the writer probable 
that the McKnight locality is stratigraphically, if not geographically, 
the same as King’s Bone Valley Pliocene. 

The presumable stratigraphic identity of the Bone Valley Pliocene 
of King and the McKnight locality, of probable Miocene age, has an 
important bearing on the Tertiary problem of the middle Nevada 
region. The age determination of the great extent of deposits in 
Nevada referred by King to the Pliocene depended to a large extent 
upon the palaeontologic stage of the Bone Valley collection; upon the 
relation of this collection to the Niobrara fauna of the Great Plains 
area; and upon correlation with beds in Oregon considered by King, 
on the authority of O. C. Marsh, to represent a Pliocene stage. 
The collections obtained by Professor Jones and by Dr. West from 

1 Merriam, J. C., Vertebrate Fauna of the Cedar Mountain Beds, Univ. Calif, Publ. 


Bull. Dept. Geol., 1914. In press. 
2 King, C., U. S, Geol. Expl. of 40th Parallel, vol. 1, p. 439, 1878. 
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the McKnight locality, as also the material to which reference is 
made by King, probably represent a faunal stage comprised within 
the latter half of the Miocene. ‘The fauna of eastern Oregon referred 
to the Pliocene by Marsh is largely that of the Mascall, which is Mid- 
dle Miocene. The Niobrara fauna of the Great Plains region, with 
which the Bone Valley collection may really have some affinity, as 
suggested by King, is generally considered as Upper Miocene. The 
palaeontologic basis for age determination of the “Humboldt 
Pliocene” of King’s Shoshone Lake of the Middle Basin area seems, 
then, to indicate Miocene at what may be considered a typical 
locality of these beds. Whether other evidence may indicate that a 
large portion of the deposits mapped as Pliocene by King really 
represents that period remains to be demonstrated. It seems prob- 
able that a considerable part of these deposits may be Miocene. 
Other portions are probably Pleistocene. The occurrence at 
Ricardo, on the western border of the Great Basin, of a series of beds 
representing a faunal and stratigraphic stage which is distinctly 
pre-Pleistocene, is certainly much later than the Mohave Upper 
Miocene, and presumably represents early Pliocene, shows that 
accumulation was taking place in the Basin Region in or near 
Pliocene time. The difficulties encountered in age determination 
or correlation of widely separated exposures of Tertiary strata in 
the Great Basin make one hesitate to accept much, if any, of the 
Pliocene of King as really representing the Ricardo stage. 

The occurrence of mammal remains at the McKnight locality not 
only changes our views regarding the Pliocene of the Great Basin, 
but also modifies to some extent the views on distribution of the 
Miocene originating with King. According to the report of the 
Fortieth Parallel Survey, Miocene beds are confined to a region 
west of 117° west longitude, while Eocene does not range west of the 
116th meridian. The McKnight locality, situated near 115° 30’, 
is considerably east of King’s most easterly Miocene and is east of 
the most westerly Eocene exposures. A question is naturally 
raised regarding the relative age of the Tertiary at the McKnight 
locality and the beds referred to as typical Miocene of the Truckee 
beds farther west. The Truckee as discussed by King was determined 
as Miocene almost solely on its lithologic resemblance to the John 
Day beds of Oregon. The only palaeontologic evidence of contem- 
poraneity of the Truckee with the John Day consisted of a single 


: 
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rhinoceros tooth referred to Rhinoceros pacificus, of the John Day 


region. This specimen is not available for comparison. Within 
the past few weeks Mr. John P. Buwalda of the University of 
California, in examining a section of Truckee beds, discovered a 
considerable part of a mastodon cheek-tooth? in the section near 
Verdi, Nevada. Proboscideans are absolutely unknown in the 
John Day Oligocene, but range from the Mascall Middle Miocene 
up to Pleistocene in the Great Basin. It is clear that the correla- 
tion of the John Day and Truckee is not justified. No Oligocene 
is certainly known in the Nevada region. Mr. Buwalda believes 
that the Truckee beds are possibly of the same age as the Cedar 
Mountain Miocene not far to the south, but fully satisfactory evi- 
dence of identity in stage 1s not at hand. 

Whether or no the Truckee and Cedar Mountain beds are of the 
same stage, it is true that deposits of Miocene age seem to range 
eastward from near the western border of the Great Basin, as stated 
by King in the Fortieth Parallel Survey report. The deposits of 
the McKnight locality are evidently not widely different in age 
from those of Cedar Mountain and Truckee, and extend the range 
of the Miocene considerably to the east. 


DEscRIPTION OF MATERIAL 
MERYCHIPPUS, Sp. 


The most common remains in the collection from the McKnight 
locality represent a horse of the genus Merychippus. A number of 
foot-bones and teeth available seem all to be derived from individ- 
uals of the same species. The recognizable specimens comprise the 
first and second phalanges, a navicular, and a well preserved lower 
molar. The phalanges (fig. 2) may be matched in size and form by 
specimens from the Mascall and Virgin Valley Middle Miocene of 
eastern Oregon and northern Nevada. They may also be matched 
almost exactly by specimens from the Upper Miocene Mohave beds 
of the Mohave Desert area, but seem a little smaller than the aver- 
age of these specimens. The phalanges are a little more constricted 
than some available from the Cedar Mountain fauna. 

A lower molar, M1? (fig. 1), also compares closely in size and form 
with specimens from the Mascall and from the Mohave. It appears 


§ Buwalda, J. P., Univ. Calif. Publ. Bull. Dept. Geol. (In press.) 
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rather small for average specimens of the Mohave fauna. As the 
characters of single lower molars of the species of Merychippus are 
not always clearly diagnostic, it is difficult to make a definite specific 
determination of this specimen. 

The various specimens of Merychippus taken collectively evi- 
dently represent a species of Middle or Upper Miocene age. The 
species is less advanced than some of the forms of the Mohave Upper 
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Fics. 1 ro 3. From Miocene beds, North Fork of Humboldt River, northeastern Nevada. 


Fic. 1. Merychippus, sp. My,?, natural size. 
Fic. 2. Merychippus, sp. Phalanges one and two, natural size. 
Fic. 3. Merycodus?, sp. Pa?, X 2. 


from the Snake Creek Pliocene, that fauna also contains many 
advanced horses which are not represented here. It seems i1m- 
probable that the Merychippus species from the McKnight locality 
represents a faunal stage later than Upper Miocene. 


MERYCODUS?, sp. 


A single lower premolar (fig. 3) represents P; or Ps of a form which 
is either Merycodus or Blastomeryx. ‘The tooth is nearly identical 
in dimensions with P, of a specimen (no. 19805) associated with 
Merycodus antlers and molars from the Cedar Mountain region, 
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southeast of Walker Lake, Nevada. It has been noted that in the 
Cedar Mountain specimen the characters of the inferior premolars 
are rather more primitive in some respects than in the Merycodus 
form of the Mohave fauna. The degree of hypsodonty of the Cedar 
Mountain specimen seems less than in the Mohave form, and the 
posteroexternal groove is less marked. In this respect the specimen 
seen in figure 3 agrees with the form from the Cedar Mountain beds, 
and probably represents a similar type. It may tentatively be 
referred to Merycodus, and may represent M. furcatus, or a more 
primitive form. ‘The form represented in this specimen most nearly 
resembles types known in the Upper Miocene. 


CAMELID?, Various Forms 


Several fragments of cheek-teeth represent indeterminate camels. 
One is a large form, possibly Pliauchenia. 


CARNIVORE REMAINS 


The fragmentary distal end of a metapodial from the McKnight 
locality probably represents a large cat, but may be canid. 


SUMMARY 
The McKnight locality in the valley of the North Fork of the 


Humboldt River, Nevada, furnishes a mammalian fauna probably 
representing a stage comprised within the latter half of the Miocene. 
This fauna is near the stage of the Cedar Mountain and Mohave 
faunas referred to the Upper Miocene. 

The McKnight locality is probably of the same stratigraphic stage 
as the locality from which the Fortieth Parallel Survey obtained the 
fauna furnishing the principal evidence of age for the large area 
mapped as Pliocene by that survey. 

The deposits at the McKnight locality mapped as Pliocene by the 
Fortieth Parallel Survey are not improbably near the age of the 
Truckee beds, mapped as Miocene, in the western portion of the 
Great Basin region. 

The Miocene of Nevada extends much farther to the east than 
the easternmost limits heretofore recognized. 


Transmitted August 28, 1914 
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FAUNA OF THE MOHAVE DESERT AND 
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A COLLECTION OF MAMMALIAN REMAINS FROM 
TERTIARY BEDS ON THE MOHAVE DESERT 


HROUGH the kindness of Mr. John R. Suman of the Univer- 

sity of California, the writer has recently received an inter- 

esting collection of mammalian remains obtained by Mr. 

_H.S. Mourning of Los Angeles, from deposits exposed in the Mohave 

Desert region, about ten miles northwest of Barstow, San Ber- 

-nardino County, California. Mr. Mourning and Mr. Suman very 

_kindly presented the collection to the University. This material is 

of especial interest as it represents a mammalian fauna which may 

serve as a basis for correlation with faunas of the well-known mam- 

mal-bearing epicontinental formations of the basin and great plains 

regions to the east, and may thus assist in determining the relation 

of the Tertiary geologic scale of California to that of the interior 
region. 

As yet nothing is known regarding the nature of the formation in 
which the collection was obtained. According to a sketch map 
published by Hershey! the point at which the collection was made 
would fall within the limits of what is designated by Hershey as 
the Rosamond series. This series has not, however, been character- 
ized in any way, so that the nature of the formation is unknown. 
As geographic location is one of the important factors concerned, 
the horizon at which this collection was obtained may be referred 
to under a geographic designation as the Mohave beds. 

The collection presented to the University consists of about one 
hundred specimens representing teeth, portions of jaws, antlers, and 
foot-bones. The following forms are represented: 


Merychippus, near calamarius (Cope) 
Merychippus, sp. indet. 

Merycodus necatus Leidy 

Procamelus (2), sp. 

Pliauchenia (?), sp. 


University of California Publications, Bulletin of the Department of Geology, vol. 6, no. 7, 
pp. 167-169, pl. 29, April 18, 1911. 
1 Hershey, O. H., Univ. Calif. Publ. Bull. Dept. Geol., vol. 3, opposite p. 3. 1902. 
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The greater number of the horse remains represent a species 
related to Merychippus calamarius described by Cope from the 
Santa Fe Upper Miocene. The Mohave form is represented by 
teeth of a more advanced type than those in the Middle Mio- 
cene of the Mascall and Virgin Valley beds. The crowns (pl. 29, 
figs. 1a to 34) are longer and somewhat larger in cross-section than 
any of the forms from the Mascall or Virgin Valley. They are, 
however, to be included in Merychippus rather than in any of the 
more advanced genera. 

A worn tooth (pl. 29, fig. 4) in the collection differs enough in 
dimensions from the other specimens to suggest that it may repre- 
sent a species still more advanced than the one just described. It 
may, however, be included with the other forms. 

A number of astragali (pl. 29, fig. 5) and phalangeal elements of 
the Merychippus type show considerable differences in size and form 
and may represent more than one species. 

The Merycodus remains consist of fragments of antlers evidently 
representing more than a dozen individuals. Several of these 


EXPLANATION OF PLATE 29 


Fics. 1a to 36. Merychippus, near calamarius (Cope). Ten miles northwest 
of Barstow, San Bernardino County, California. 
Figs. 1@,14,and 1c. Upper molar, no. 17370, natural size. Fig. 1a, occlusal 
view; 14, anterior view; 1c, exterior view. 
Fig. 2. Upper molar with unworn cusps, no. 17371, natural size. 
Figs. 3¢ and 36. Lower molar, no. 18599, natural size. Fig. 3a, occlusal 
view; 34, lateral view. 
Fic. 4. Merychippus, sp. indet. Worn upper molar, no. 18600, natural size. 
Ten miles northwest of Barstow, San Bernardino County, California. 
Fic. 5. Merychippus (?). Astragalus, no. 18601, natural size. Ten miles 
northwest of Barstow, San Bernardino County, California. 
Fics. 6 to 8. Merycodus necatus Leidy. Ten miles northwest of Barstow, 
San Bernardino County, California. 
Fig. 6. Portion of a tip of an antler, no. 17375, natural size. 
Fig. 7. Antler, no. 18602, natural size. 
Fig. 8. Portion of an antler split through the fork, no. 17374, natural size. 


VoL. 6, PL. 29 


Buti. Dept. Geou. Univ. Cat. 


i 


a ae Nira 
ey 


iy, , 7 i ; | 
. oir) ya 
Pits Ver: 
Aer 
am 
ve é 
‘ i; € 
| NENTS 
team 
A 
’ 1 ’ 
s ° 
,) A 
r t i ° 
. , ‘ : ay i 
\ ; \ 
| ps ‘ ey 
ena oA in eth 


MAMMALIAN REMAINS FROM TERTIARY OF MOHAVE DESERT 1083 


specimens are well enough preserved to show the shaft of the horn 
_up toa point above the bifurcation (pl. 29, fig. 7). Other fragments 
show the terminal portion of the horn (pl. 29, fig. 6). The form 


represented in these specimens, as shown particularly in plate 29, 


figure 7, seems identical with that of Merycodus necatus Leidy of 


the Nebraska Upper Miocene. This animal must have been a 
common form in the Mohave region in Upper Miocene time, judging 
by the relatively large number of specimens obtained. 

The camel remains found comprise astragali and proximal phalan- 


geal elements which seem to represent two species, one consider- 


ably larger than the other. The smaller form may represent 
- Procamelus, the larger one Pliauchenia, but a satisfactory determina- 


tion is not possible with the material at hand. 

The common species of Merycodus, and the horse most abun- 
dantly represented in the collection, taken together indicate that the 
age of this fauna is approximately Upper Miocene. The camel 
remains do not negative this determination. It seems improbable 
that later collections will show sufficient material of a more primitive 
or less advanced type to indicate that this particular horizon is of 
Middle Miocene age. On the other hand, the absence of horses 
distinctly advanced beyond the Merychippus type indicates a 
period earlier than Pliocene. 

As fragmentary as this collection is, the species included in it 
unavoidably suggest a close faunal connection with the great 
plains region during Upper Miocene time. It is also interesting to 
note that as yet no faunal phase of the Miocene corresponding to 
the Mohave stage is known in eastern Oregon or in northern Nevada; 
as also that there is reason to suppose that a cycle of erosion rather 
than of deposition was in progress in these regions in Upper Miocene 
time. 


Transmitted February 24, 1911 


A PECULIAR HORN OR ANTLER FROM THE 
MOHAVE MIOCENE OF CALIFORNIA 


Mohave Desert recently obtained by H. S. Mourning and J. P. 

Buwalda, there is a horn or antler of peculiar type, unlike any 
form known to the writer. This specimen is described in advance 
of a discussion of the whole fauna, in the hope that a fuller expression 
of opinion may be obtained through the discussion. 

The specimen consists of a single fragmentary horn or antler 
(no. 20052), which had been considerably weathered. It was found 
at the University of California collecting locality, no. 2057, in the 
Mohave Miocene north of Barstow, California. From earlier 
studies the fauna in the beds of this region has been considered as 
upper Miocene.! Much larger collections than those originally 
available are now at hand for study, and it is possible that in this 
material more than one faunal zone may be represented, but the 
largest part of the Mohave Beds seems quite certainly to represent 
an upper phase of the Miocene. 

The portion of the horn or antler represented in specimen 20052 
consists of a part of the beam, which divides into two nearly equal 
branches diverging almost horizontally. Upon the nearly even 
superior surface of the branches are a considerable number of small 
spikes or papillae. Of the two branches, one is projected approxi- 
mately in the plane of the flattened beam. The other branch curves 
rather sharply away from this plane. (See fig. 2.) The branch 
bending away from the plane of the beam is the smaller. A number 
of the superior spikes or papillae bend out at a low angle from the 
convex side of the curve formed by the two branches. It seems 
probable that the plane of the beam was anteroposterior rather 
than transverse to the skull, and that the papillae on the convex 
side of the bow are on the outer or lateral, rather than on the inner 


T A collection of mammalian remains from Miocene beds in the 


University of California Publications, Bulletin of the Department of Geology, vol. 7, no. 16, 
pp. 335-339, September 19, 1913. 


1 Merriam, J. C., Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, p. 169, 1911. 
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Fics. 1,2, anp 3. Merycodus coronatus,n.sp. No. 20052, natural size. 
Mohave Desert, California. Fig. 1, outer side of horn; fig. 2, superior aspect of horn; fig. 3, 


medial side of horn. 
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side of the horn. If the smaller of these two horizontal branches is 
the anterior, this is the right horn. 

The spikes or papillae on the upper side of the horn are in two 
rows. There are six on the concave side, and four on the convex 
side. The inner six are arranged in three pairs. Of the outer four 
there is a single large spike opposite the posterior inner pair and a 
similar one opposite the space between the anterior and middle 
inner pairs, and a pair of papillae arising from a common base 
opposite the middle inner pair. The inner papillae are nearly erect 
excepting the most anterior one. The papillae on the outer side 
are directed outward at a low angle. 

Judging from the single specimen available, the anterior branches 
of the right and left horns of this animal curved in toward each other 
over the face, the other branch extended backward and slightly 
inward, making a crown-like or horseshoe-like structure above the 
head. One row of the small spikes or papillae was directed upward, 
and the other row was directed outward around the margin of the 
crown. 

Specimen 20052 most nearly resembles the horn or antler of 
Merycodus, which it also approaches in size, and to some extent in 
the texture of the horn. It differs from Merycodus in the form of 
branching, and in the presence of the double row of superior spikes. 
The texture of the surface of specimen 20052 differs somewhat from 
that of any of the numerous Merycodus horns available from the 
Mohave Miocene. Inno. 20052 the surface is marked by numerous 
wavy reticulating lines or ridges, which are not matched exactly 
on any available Merycodus specimen. It is possible that the con- 
trast is due in part to condition of weathering, but it seems partly 
due to difference in structure. 

The peculiarity of specimen 20052 may be accounted for on 
the assumption that it is a “sport”? or “monstrosity” of Mery- 
codus necatus, a common form in the Mohave region. A large 
number of Merycodus horns have been found in the Mohave Beds, 
but on no other specimen has there been noted any suggestion of 
the form seen in no. 20052, so that there was no common tendency 
to develop this type of horn. 

Specimen 20052 represents a type distinct from the other avail- 
able specimens of the Mohave fauna and, so far as the writer is 
aware, it is the only known specimen. This may possibly be urged 
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against the view that it is an undescribed form, and not a variation 
or a sport of a known Merycodus species. In this connection it 
should be noted that the Mohave fauna is as yet very imperfectly 
known, and that a considerable number of the most important 
elements in the fauna have been represented by single fragmentary 
specimens. For a considerable time the oreodont group was known 
from the Mohave region only by a fragment of a lower Jaw with two 
imperfect teeth, this being the only oreodont found in an area in- 
cluding all of California and nearly all of Nevada. 


Fic. 4. Merycodus necatus Leidy. Outer side of horn. No. 19832, X 3. Mohave Beds, 
Mohave Desert, California. 


If the peculiar horn here described represents a type heretofore 
unknown, it would appear to be a form nearly related to Merycodus 
necatus, the common Mohave species. (See fig. 4.) Merycodus 
necatus 1s characterized by the possession of a short horn with a 
short, wide, flattened beam, from the broad summit of which two 
nearly equal branches arise. The form seen in no. 20052 would be 
produced by flaring the branches, bending them toward the branches 
of the opposite horn, and developing the superior spikes or papillae. 

While the writer is not inclined to consider the specimen seen in 
no. 20052 as certainly representing a new type of horn or antler, or a 
previously undescribed animal, it seems desirable to give a specific 
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designation to this type, which may be known as Merycodus coro- 
natus. ‘Nhile the form of horn or antler seen here suggests various 
kinds of antlers of the modern Cervidae, there is no evidence to 
indicate that this Miocene animal represents anything more than a 
foreshadowing of a modern type. 


Transmitted Fune 28, 1913 


NEW ANCHITHERIINE HORSES FROM THE TER- 
TIARY OF THE GREAT BASIN AREA 
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INTRODUCTION 


ITHIN the past two years, four expeditions from the Univer- 
sity of California have visited the southern portion of the 
Great Basin region to search for vertebrate remains in 
Tertiary deposits. One party investigated the region southeast of 
Walker Lake, Nevada, in 1912, and three parties have worked in the 
Mohave Desert area in 1911, 1912, and 1913. 

Of numerous palaeontologic contributions made by these expedi- 
tions, among the most interesting is the discovery of two anchi- 
theriine horses presenting phases of structure or stages of develop- 
ment not previously known in the groups with which they are most 
nearly allied. 

The first specimen found was obtained by Lawrence C. Baker in 
the Mohave Miocene of California in April, 1911. It represents 
the lower jaw of a form showing characters near those of both 
Parahippus and Archaeohippus. A fragmentary upper jaw, evi- 
dently belonging to an animal of the same species as that found by 
Mr. Baker, was discovered in the Mohave Beds by J. P. Buwalda 
and H. C. Mourning in January, 1913. 

The second type of anchitheriine horse discovered is represented 


University of California Publications, Bulletin of the Department of Geology, vol. 7, no. 22, 
pp. 419-434, December 16, 1913. 
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by a slab containing scattered parts of a skeleton obtained in the 
region southeast of Walker Lake, Nevada, by Baker and Buwalda 
in May, 1912. This specimen had previously been seen by Mr. T. 
H. Buck of Mina, Nevada. It was through the kindness of Mr. 
Buck that the slab was pointed out to Baker and Buwalda. The 
writer wishes to express his thanks for the kind assistance given by 
Mr. Buck in bringing the specimen to the railway station for ship- 
ment. 
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Fics. 1a anp 16. Hypohippus (Drymohippus) nevadensis, n. sub-gen. and n. sp. Upper 


milk molars. No. 21056, natural size. Fig. 1a, lateral view; fig. 14, occlusal view. Stewart 
Valley Beds, southwestern Nevada. 


Hypouippus (DryMouippus!) NEVADENSIS, n. sub-gen. and n. sp. 
Type specimen no. 21056, University of California Collections in Vertebrate 
Palaeontology. From the Stewart Valley Miocene, twenty-four miles northeast 


of Mina, Nevada. 
Characters much as in Hypohippus, but metaloph of milk molars not connected 


with ectoloph. 


The type specimen consists of a small portion of the skull with 
three milk molars, portions of all four limbs, and a number of scat- 


1 sovuds, wooded dell or glade; ‘érzos, horse. 
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tered fragments of other skeletal parts. The elements of the limbs 
were in part connected. 

Skull and Dentition—The greater portion of the skull had been 
weathered away before the specimen was discovered. All that 
remains consists of a portion of the lower region of the cranium. 
Fortunately it was embedded in such a manner that it faced into the 
rock, and only the roots of the teeth were damaged. ‘The portions 
of the cranium present show little of significance. 

The dentition (figs. 1¢ and 14) shows three well-preserved cheek- 
teeth. The incisors are not present. The cheek-teeth represent 
the milk dentition with Dm‘ just coming into function. They are 
referred to the milk dentition as they are relatively narrower than 
P? to P4 of nearly related forms. 

The teeth of no. 21056 represent an animal larger than any of the 
known forms of Hypohippus, but approaching in size Hypohippus 
affinis, the largest described species. They are absolutely larger 
than the permanent premolars of H. osborni, and larger than the 
milk molars of the type specimen of H. affinis. The excess in 
dimensions is evident in both the anteroposterior and transverse 


diameters. 
COMPARATIVE MEASUREMENTS OF DENTITION 
Milk dentition 


H. nevad- H. affinis ommenraas dentsinon 
ensis Type H. H. 
No. 21056 specimen osborni equinus 
Dm?, anteroposterior diameter along 
Quiet bord eras Wirie dea deyekulers aisle G3 GING oo 6 PB Ql oS 25 
Dm’, greatest transverse diameter..... 29 Meas [ea DAG 25 
Dm, anteroposterior diameter along 
Ouitetmbordenwrmecn ae mee eye. oo eae 31.8 APSE Le eae) 2S 
Dm‘, anteroposterior diameter measured 
through protoconule and hypostyle.. 29 Sey Be 24 22 5 
Dm‘, greatest transverse diameter..... 30.5 ene ee SO) Dil 
Dm‘, anteroposterior diameter along 
OUeTDON ET App an Men aee ye Maris. du SLO) ADs | 2308) Gd ke oh) 25 
Dm}, anteroposterior diameter measured 
through protoconule and hypostyle... .... 26.7 a PS 2) 22 b 
Dm‘, greatest transverse diameter..... 31.4 29 1.1) 26 


a, measurements from J. Leidy’s figure of type specimen. 
b, from W. B. Scott’s figures of type specimen. 
ap, approximate. 


In form and pattern of the milk molars the Nevada specimen 
resembles in general the permanent dentition of Hypohippus osborni. 
The protoconule portion of the protoloph seems a little more dis- 
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tinctly marked off from the protocone in Dm? than in P? of H. 
osbornit. In Dm’, however, the protoconule region of no. 21056 
seems less distinct than in P* of H. osborni. In Dm? of no. 21056 the 
longitudinal ridge or rib on the outer side of the paracone is much 
less distinct and the parastyle is more prominent than in P? of H. 
osborni. A small but distinct hypostyle is seen on Dm? and Dm’. 
The size of the hypostyle is near that in the premolars of H/. osborni. 
On Dm? there is a strong shelf of the cingulum extending around the 
anterior and inner sides and into the hypostyle region posteriorly. 
On Dm the cingulum is faintly interrupted on the inner side oppo- 
site the middle of the protocone, and fully interrupted on the inner 
side of the hypocone. 

The principal difference between the Nevada specimen, no. 21056, 
and Hypohippus osborni is found in the separation of the outer end 
of the metaloph from the ectoloph. In none of the milk molars of 
the Nevada specimen is the summit of the outer end of the metaloph 
connected with the ectoloph. In Dm? and Dm? the base of the 
metaloph barely reaches the base of the ectoloph. In Dm‘ the base 
of the metaloph scarcely reaches the base of the ectoloph. In each 
of these teeth there is a small transverse ridge or tubercle pointing 
inward from the ectoloph at the posterior end of the paracone cres- 
cent. This transverse prominence arising from the ectoloph 
extends inward near the outer end of the metaloph but fails to meet 
that ridge. The outer end of the metaloph tends to swing a little 
in front of the inner transverse prominence of the ectoloph. 

The inner transverse prominences arising from the ectoloph attain 
their greatest elongation or height near the summit of the ectoloph, 
and rapidly diminish in height as they extend toward the base of the 
tooth. On Dm‘ the transverse prominence consists of two small 
tooth-like projections. On the longer or lower of these points the 
diameter, parallel with the height of the tooth crown, is not more 
than twice the anteroposterior diameter. The second projection, 
situated farther toward the base of the ectoloph, is an exceedingly 
small tubercle. The smaller projection does not reach the bottom 
of the valley between metaloph and metacone crescent. On Dm? 
the inner transverse prominence of the ectoloph is very small, and 
is situated near the crest of the ectoloph. On Dm? the prominence 
is higher, but is reduced rapidly at the proximal end and does not 
connect with the metaloph. 
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A certain significance may attach to the situation of the inner 
transverse ridge of the ectoloph. In the milk teeth of the Nevada 
form, this transverse crest or ridge rests upon the posterior end of 
the paracone crescent. Ina permanent upper molar (no. 11570) of 
Hypohippus from the Middle Miocene of Virgin Valley, Nevada, 
the connection between metaloph and ectoloph is established at the 
posterior end of the paracone crescent. In the cheek-teeth from 
P? to M3 in H. osborni the inner transverse ridge of the ectoloph 
arises almost exactly at the junction of the paracone and metacone 
crescents. In no. 12564, a very narrow Hypohippus tooth from the 
Virgin Valley Miocene of northern Nevada, the union of metaloph 
and ectoloph seems to be as in H. osborni. In the original reference 
to tooth no. 12564 the writer suggested? that this form might repre- 
sent a species distinct from no. 11570, which is much wider antero- 
posteriorly and shows the more anterior position of the inner trans- 
verse ridge of the ectoloph. 

The separation of metaloph and ectoloph as noted in the milk 
teeth of specimen no. 21056 is a matter of considerable interest 
in the classification of the Equidae. In Mesohippus the metaloph 
and ectoloph are separate, and a small transverse ridge or wrinkle 
may arise from the inner side of the ectoloph in the same situation 
as that in the milk teeth of the Nevada specimen, no. 21056. In 
Miohippus, as represented by specimens from the John Day series, 
the metaloph is usually separated from the ectoloph. In Anchi- 
therium, Hypohippus, and Archaeohippus the metaloph is completely 
united with the ectoloph. The stage of advance of the cheek-teeth 
in the Nevada specimen, no. 21056, is near that of Miohippus so far 
as the relation of the metaloph to the ectoloph is concerned, and in 
this character it differs from the known forms of Anchitherium, 
Archaeohippus, and Hypohippus. In general form of the cheek- 
teeth and in the relation of protocone to protoconule, specimen no. 
21056 is of the Hypohippus type. In Mesohippus, Miohippus, 
Archaeohippus, and Anchitherium, the protocone and protoconule 
are distinctly separated, in Hypohippus and in the Nevada speci- 
men the protoconule is small, and is almost completely merged with 
the protocone. 

As the teeth in specimen no. 21056 correspond so closely to the 


2 Merriam, J. C., Univ. Calif. Publ. Bull. Dept. Geol., vol. 6, pp. 259 and 260, 1911. 
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general type of cheek-teeth in Hypohippus, the hypothesis that the 
milk molars of typical Hypohippus might show the primitive char- 
acter of the Nevada specimen naturally suggested itself. Leidy’s 


Fics. 2a, 26, anp OrHER Fracments. Hypohippus (Drymohippus) nevadensis, n. sub- 
gen. and n. sp. Portions of limbs. No. 21056, X §. Fig. 2a, anterior limb; fig. 24, pos- 
terior limb. Stewart Valley Beds, southwestern Nevada. 


type of Hypohippus affinis, the typical species of that genus, is a 
milk tooth, but the specimen shows no suggestion of separation of 
metaloph and ectoloph. It is slightly worn, but a corresponding 
degree of wear in Dm‘ of the Nevada form would not tend in any 
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way to connect metaloph and ectoloph. Dr. W. D. Matthew, who 
has very kindly examined such milk teeth of Hypohippus as are 
present in the collections of the American Museum of Natural His- 
tory, finds that in all of the specimens the metaloph and ectoloph 
are connected. 

The Nevada form represented by specimen 21056 seems, therefore, 
to represent a type with dentition in general close to that of Hypo- 
hippus, but distinguished especially by the less advanced stage of 
evolution of the metaloph in the temporary molars. 

Limbs.—Portions of both the anterior and posterior limbs (figs. 
2a and 24) exhibit some of the essential characters, but parts of each 
of the feet had been carried away before burial, or had been de- 
stroyed by weathering before the specimen was found. ‘The general 
character and proportions of the parts of the extremities preserved 
are near those of Hypohippus. ‘The lateral digits and their ungual 
phalanges are relatively large, and were evidently functional. The 
first and second phalanges of the median digit are relatively shorter 
and wider than in the Merychippus forms of the Miocene. The 
ungual phalanx of the median digit is broad, and the lateral wings 
show a stage of development at least as advanced as in Hypohippus. 
Metacarpal three shows a distinctly oblique lateral facet for articu- 
lation with the unciform. In metatarsal three there seems to be a 
very small and quite oblique facet for the cuboid. In general the 
limb structure resembles that of Hypohippus. 


MEASUREMENTS OF LIMB ELEMENTS 


IRAGhUG, AREATITE NSTI, OH ANAM, oo Gocoovooogooogoooduanso0ubdodoKD 241 mm. 
Radius wleas tawidithOlshartuns neem neretatee nye orl cero a eee aIn wetotas 25 
Wietacarpalpliivoreatestilenothen teers aiaataeraccia lolly scievels 190 
Mistacaroall UNL irsawese end. soc cocogsonsdbo00d00oonDKHauaCEGNC 192 
Metacarpal III, width of distal end, approximate.................... 28.5 
Phalanx I, digit III of anterior extremity, greatest length............ 40 
Phalanx I, digit III of anterior extremity, greatest width....,........ 30 
Phalanx II, digit III of anterior extremity, greatest length........... 30 
Phalanx II, digit III of anterior extremity, greatest width............ 31 
Mctatansalgllliicreatestslensthunmanrrmn erry aerate iene reyes 203 
Metatarsal IV, greatest width at proximal end....................-. 17 
Phalanx I, lateral digit (hind foot?) greatest length along superior side.. 23.5 
Phalanx III, lateral digit (hind foot?) length along superior side........ 35 


Relationships.—The form represented by the Nevada specimen, 
no. 21056, resembles Hypohippus in the characters of the limbs and 
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in the general form of the cheek-teeth. It differs from Hypohippus 
in the separation of metaloph and ectoloph in the milk dentition. 
It is uncertain whether the permanent dentition of this species is 
represented in any of the collections from the Great Basin region. 
A difference in tooth characters comparable to that separating this 
species from typical Hypohippus is ordinarily considered as of 
generic value. In this particular case, the total characters, so far 
as known, indicate that the species is much nearer to Hypohippus 
than to any other group, and excepting the separation of metaloph 
and ectoloph is not clearly distinguished from that genus. Viewed 
from the most unfavorable angle, the gap between this form and 
typical Hypohippus seems less than the spaces between other anchi- 
theriine genera. The writer has therefore tentatively included this 
species in the Hypohippus group, with the suggestion of incipient 
separation indicated in the subgeneric distinction. The new sub- 
genus, Drymohippus, proposed to include this form, bears the char- 
acters of Hypohippus excepting in the separation of metaloph and 
ectoloph in the milk dentition. Later investigations may add other 
distinctive characters. 


PARAHIPPUS(?) MOURNINGI,? n. sp. 


Type specimen no. 19840, a portion of a maxillary with milk dentition and 
M!. Paratype, a portion of a mandible, no. 19764, with dentition representing 
Pz to Me. Both specimens from the Mohave Miocene, Mohave Desert, Cali- 
fornia. 


A portion of a lower jaw with dentition (figs. 5¢ and 54) obtained 
by Mr. Baker in 1911 was recognized by the writer as representing a 
horse with characters near Parahippus and Hypohippus, but with 
size and stage of evolution suggesting 4rchaecohippus. The speci- 
men differed, however, from the only lower jaw material referred to 
Archaeohippus in several characters, and especially in the absence 
of the strong internal cingulum shown on teeth referred to Archaeo- 
hippus by Gidley.*| In January, 1913, a second specimen, a maxil- 
lary (fig. 3) with Dm? Dm‘, and M!, representing a very small 
brachyodont horse, was obtained in the Mohave region by Buwalda 
and Mourning, and again the resemblance to the genera Parahippus, 
Hypohippus, and Archaeohippus appeared. An approximation of 

* This species is named in honor of Mr. H. S. Mourning, through whom the first speci- 


mens from the Mohave region came into the writer’s hands. 
4 Gidley, J. W., Bull. Amer. Mus, Nat, Hist., vol. 22, p. 385, 1906. 


oe 
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the dimensions of the cheek-tooth series, as well as a comparison of 
individual teeth, shows that the upper and lower jaw specimens 
represent animals of very nearly the same size. The similarity of 
dimensions, considered with similarity of relationship to other 
forms and similarity of occurrence, leaves little room for doubt that 
the two jaws represent the same species. 

The species represented by specimens 19840 and 19764 seems 
distinct from any form thus far described. In spite of its frag- 
mentary nature, the upper jaw specimen is selected as the type, 
as the characters of the superior cheek-tooth series seem more 
significant in discussion of the relationships. 

Upper Cheek-teeth—In the specimen representing the upper jaw 
(fig. 3), the well-preserved, unworn, inner portion of M! offers good 


Fic. 3. Parahippus(?) mourningi, n. sp. Dm’, Dm‘, and M!. No. 19840, X 13. Mo- 
have Miocene, Barstow Syncline, Mohave Desert, California. 

Fic. 4. Archaeohippus ultimus (Cope). Upper molar. No. 1689, X 13. Middle Mio- 
cene, Mascall Beds, Eastern Oregon. 


opportunity for examination of certain distinctive characters of this 
form. In this tooth the metaloph is fully united with the ectoloph. 
The protoconule is distinctly separate from the protocone, it is 
considerably elongated and flattened, and its inner end slightly 
overlaps the protocone. The hypostyle is larger than in Hypohippus 
and Archaeohippus, and there is a more distinct cup-like depression 
behind it. There is no suggestion of a crochet, though several 
plate-like projections arise from the anterior side of the outer end 
of the metaloph. The cingulum is well developed on the posterior 
side, and less distinctly on the anterior side between protocone and 
protoconule. There is no shelf of the cingulum on the inner or 
lingual side of the tooth. The cusps or ridges of the crown are 
somewhat higher than in Archaecohippus or in Hypohippus. The 
surface shows a degree of rugosity more pronounced than seems char- 
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acteristic of Hypohippus or of Archaeohippus. No trace of cement 
is evident upon the crown. 

The crowns of the milk molars of the Mohave specimen were 
apparently somewhat shorter and slightly rougher than those 
of the permanent molars. Asin the permanent dentition, the milk 
molars show the metaloph connected with the ectoloph, there is no 
internal or lingual shelf of the cingulum, and the hypostyle is large. 
On one of the milk molars there is a faint suggestion of crinkling 
of the anterior side of the outer end of the metaloph. A P? from the 
Mascall Miocene considered by Gidley to represent drchacohippus 
differs from the milk molars of the Mohave specimen in showing 
much greater development of the longitudinal ribs on the outer side 
of the paracone and metacone. There is a very faint longitudinal 
rib on the outer face of the paracone in Dm? of the Mohave speci- 
men. A longitudinal rib is barely perceptible on the outer side of 
the metacone of this tooth. 


MEASUREMENTS 
Archaeo- 
hippus Archaeo- 
ultimus hippus 
Type ultimus 
No. 19840 specimen No. 1689 
Dm‘, greatest anteroposterior diameter......... 19 sm, PB 
Dmestransversediameten perreeeceeeeene SRS Lee Ko) 
Dm‘, greatest anteroposterior diameter......... US} 57/ lee alg 
Dmeytransvense diameters eee eee eee ai4.5 Jee Tf 
M!, anteroposterior diameter measured along 
middlevoficrown wink se oe een ep ane 9) 6.d/ es ala 
M!, approximate transverse diameter measured 
AMOVONe? UNTO? IORI. cocabogasdso0edcae0ec. a6 M! 15 
M3, anteroposterior diameter measured along 
middlevofiicrowii shee. Gk aia we eee Meg se 11 11 
M8, transverse diameter along anterior border... .... 14 14.8 


a, approximate. 


The form of the cheek-teeth shown in the upper jaw of no. 19840 
differs from Hypohippus in the greater height of the crown, larger 
protoconule and metaconule, larger hypostyle, and more abrupt 
inner wall of protocone and hypocone. From Archaeohippus no. 
19840 differs in its somewhat higher, more rugose crown; larger, more 
compressed protoconule; much larger hypostyle with posterior cup; 
and absence of internal cingulum. From typical Parahippus the 
Mohave specimen differs in absence of the crochet, and in its small 
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size. The Mohave form seems to be distinguished from nchi- 
therium by relatively smaller size of the protocone and absence of 
internal cingulum. 

Lower Cheek-teeth—The lower jaw specimen, no. 19764, (figs. 5a 
and 54) represents a form which in size is near Miohippus. The 
cheek-teeth are brachyodont, without evidence of cement covering. 
The crowns of the molars and premolars are slightly rugose, and 
tend to be somewhat higher than in the average Hypohippus. 

P, is considerably larger than M, in both anteroposterior and 
transverse diameter. The metaconid and metastylid show a 
distinct tendency to separate at the summit, the separation being 
more marked than in typical Hypohippus, and less advanced than 


Fics, 5¢ anp 5b. Parahippus(?) mourningi, n. sp. Ps; to Ma. No. 19764, natural size 
Fig. 5a, occlusal view; fig. 54, outer side. Mohave Miocene, Barstow Syncline, Mohave 
Desert, California. 


in typical Parahippus. The entostylid is well developed. The 
cingulum is well shown on the anterior and posterior sides of the 
crown, but shows no distinct shelf on the outer and inner sides. 

This specimen represents an anchitheriine horse smaller than 
any known to the writer from post-Oligocene horizons, excepting 
Archaeohippus. It is in some respects intermediate between Hypo- 
hippus and Parahippus. As Archaeohippus also represents a small 
form more advanced than Hypohippus and less advanced than 
Parahippus, it might be suspected that the Mohave species 1s allied 
to it. 

The only known material representing the lower jaw of 4rchaeo- 
hippus available for comparison consists of two fragmentary speci- 
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mens from the Mascall Miocene, the typical horizon of that genus. 
This material was referred to Archaeohippus by Gidley.’ The 
principal specimen is a piece of a lower jaw with P? and P4, and the 
roots of P'and P?. The teeth present are unfortunately much worn, 
and the nature of the cusps cannot be determined. The important 
characters shown are the dimensions of the premolars, and the well- 
developed internal basal cingulum on the molariform teeth. It 
seems probable that Gidley’s reference of the lower teeth from the 
Mascall to the genus drchaeohippus is correct, as these teeth re- 
semble the typical upper teeth in the presence of a basal cingulum, 
just as the lower teeth from the Mohave Beds resemble the upper 
teeth from that region in the absence of cingula excepting at the 
anterior and posterior ends. 

The dentition of specimen 19764 differs from the lower teeth 
referred to Archaeohippus by Gidley in the absence of external and 
internal cingula, and apparently also in the proportions of the 
premolars. 

The form represented by the lower jaw, no. 19764, shows a general 
resemblance to Hypohippus, but differs in its slightly higher and 
more rugose crowns, more clearly marked incipient separation of 
metaconid and metastylid columns, and absence of external basal 
cingulum. 

The lower jaw differs from typical Parahippus in the very weak 
separation of the metaconid and metastylid columns, and in the 
absence of cement from the crowns. The separation of metaconid 
and metastylid in no. 19764 shows but little advance beyond the 
stage seen in the dentition of a Hypohippus specimen from Virgin 
Valley.° In none of the cheek-teeth of no. 19764 are metaconid and 
metastylid pillars separated on the inner side by more than a faint 
groove at the summit. 

The character of the dentition in the lower Jaw specimen, no. 
19764, does not agree fully with any of the described genera. It is 
intermediate between Hypohippus and Parahippus, and evidently 
approximates Archaeohippus in many respects. So far as the stage 
of evolution is concerned, the Mohave form would seem to come 
fairly near Parahippus. It shows elongation of the crown, the 


’ Gidley, J. W., Bull. Amer. Mus. Nat. Hist., vol. 22, p. 385, 1906. 
6 See Gidley, J. W., Univ. Calif. Publ. Bull. Dept. Geol., vol. 5, p. 236, fig. 1, 1908. 
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lateral cingulum is reduced, and there is clearly defined incipient 
division of the metaconid and metastylid pillars. 


MEASUREMENTS 
Archaeo- 
hippus 
ultimus 
No. 19764 No. 1700 
Length, anterior side of Ps to posterior side of Mz........... 60 mm. AA 
P., approximate anteroposterior diameter.................. 16 11.5 
P;, approximate anteroposterior diameter.................. 15.8 12 
P;, transverse diameter across hypoconid................... 10.5 9.8 
aantero posterionidiame tense nant iin tn ee eiae 15 
P,, transverse diameter across hypoconid................... 10.5 
Mimekedtestianteropostenlon diameter merece ie: 13.6 
My, transverse diameter across protoconid.................. 9 
Me, greatest anteroposterior diameter...................... 13.6 
Mg, transverse diameter across protoconid.................. 8.5 


Relationships ——The upper and lower jaw specimens (nos. 19840 
and 19764) from the Mohave region resemble each other in a number 
of important particulars. Their similarity in structure, and their 
occurrence in the same region give a reasonable assurance that they 
represent the same type. The two specimens show similarity in the 
following characters: (1) height of tooth crowns; (2) rugosity of 
enamel; (3) absence of cingulum on the protocone side; (4) stage of 
development, as seen in separation of metaconid and metastylid, 
in increase of size and compression of the protoconule, in complica- 
tion of the metaloph, and in increase of size in hypostyle. The stage 
of evolution in the two specimens shows about equal advance be- 
yond the dentition of Hypohippus. 

As has been suggested for the two specimens considered sepa- 
rately, the form represented by them shows resemblance to Hypo- 
hippus, Archaeohippus, Parahippus, and Anchitherium. It is in 
general more advanced than Hypohippus. Its habit and stage of 
evolution are near Archaeohippus, from which it is distinguished in 
the upper molariform teeth by absence of cingula on the protocone 
side, by higher cusps, and by a slightly more advanced stage of 
development of the protocone and hypostyle, though the metaloph 
is not more advanced in the Mohave form. From the imperfectly 
known lower teeth of Archaeohippus it is distinguished by the ab- 
sence of external cingula, and evidently also by proportions of the 
premolars. The absence of cingula on the protocone side of both 
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upper and lower molars may have some significance in considering 
the stage of evolution, or may concern only the matter of immediate 
relationship. 

The Mohave type represented by specimens no. 19840 and 19764 
is evidently related to Parahippus in most characters, though dis- 
tant from the typical form. The absence of a crochet in the upper 
teeth, and the very slight separation of metaconid and metastylid 
columns in the lower teeth, indicate a relatively undeveloped stage. 
Whether this form is too primitive to be included in Parahippus will 
be determined most clearly when better material is available for 
study. 

Some significance may attach to the fact that this form, having a 
certain resemblance to Parahippus, but being relatively primitive, 
occurs in strata which were presumably deposited in a later period 
than the time of maximum development of the genus Parahippus. 
On the other hand, the Mohave form, being somewhat more 
advanced than Archaeohippus in most respects, and occurring in 
strata presumably younger, might be considered a product of 
modification from Archaeohippus. It is interesting to note that in 
the development of the crochet, in which one would expect advance, 
the Mohave form is more primitive than the Middle Miocene 
Archaeohippus. 

The Mohave type strongly suggests Anchitherium, from which it 
seems to be separated by its slightly larger protoconule, separation 
of metaconid and metastylid columns of the lower teeth, and reduc- 
tion of the cingulum on the outer side of the lower cheek-teeth and 
inner side of the upper cheek-teeth. Anchitherium is, moreover, 
doubtfully represented in America. Auchitherium (2?) zitteli of 
China approaches the Mohave form in certain characters, but seems 
clearly separable. 

The relationships of the interesting form from Mohave seem 
almost to require the establishment of a distinct group to give to 
this species such a position in the classification as will clearly indi- 
cate its true affinities. It could be assigned tentatively to a place 
with Archaeohippus, as an advanced stage with protoconule and 
hypostyle more progressive, cingulum of the protocone side absent, 
and complication of the metaloph not more advanced. It could be 
referred to Parahippus, as a primitive stage with crochet undevel- 
oped, though the metaloph shows secondary folding, and with 
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metaconid and metastylid in beginning separation. The reference 

of this form to one of the described genera depends somewhat upon 

the extent to which the limits of these groups may be expanded by 
_ later studies. A reference to Parahippus is apparently open to 
_ fewer definite objections than a reference to Archacohippus. 


Transmitted October 13, 1913 
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INTRODUCTION 


Mohave Desert, carried on by the Department of Palaeontol- 

ogy of the University of California within the past three years, 
has brought to light collections of unusual interest in two localities. 
One station is in the Barstow Syncline, north of Barstow, California, 
and near the middle of the desert. The other locality is in the El 
Paso Range on the extreme western border of the desert. 

The greater part of the Tertiary mammal collection obtained 
in the Mohave region has come from exposures in the Barstow Syn- 
cline. The fauna obtained in these exposures has been reported 
by the writer! as evidently representing a stage near Upper Miocene. 
The representatives of the horse group known from the Barstow 
Syncline include at least three forms: a Merychippus of advanced 
type, near M. calamarius; a large form near Hypohippus; and a 
recently described species near Parahippus. The association of 
Equidae, now known from the typical Mohave Beds north of Bar- 
stow, seems to bear out the original suggestion that these strata are 
near Upper Miocene in age. 

The fauna from the beds at El Paso Range contains some elements 
which are quite distinct from those of the Barstow region. Re- 
mains of horses are only fairly represented, but such forms as are 


| ce of the Tertiary mammal-bearing beds in the 


University of California Publications, Bulletin of the Department of Geology, vol. 7, no. 23, 
pp. 435-441, December 22, 1913. 


1 Merriam, J. C., Univ. Calif. Publ. Bull. Dept. Geol., vol. 6, p. 169, 1911. 
2 Merriam, J. C., Univ. Calif. Publ. Bull. Dept. Geol., vol. 7, p. 427, 1913. 
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present seem to represent a different fauna from that found in the 
Mohave Beds of the Barstow Syncline. 

At least two types of horses are known from the beds in the El 
Paso Range. One group closely approaches the characters of the 
Old World Hipparion, and may include two species. The other 
type approximates Protohippus, and possibly includes two species. 
It is doubtful whether typical Merychippus is represented, and 
remains of Hypohippus and Parahippus have not been certainly 
recognized. 

The general aspect of the representatives of the Equidae found in 
FE] Paso Range is that of a fauna distinctly later than that of the 
Barstow Syncline, and approximating very late Miocene or early 
Pliocene. 

HIPPARION(?) MOHAVENSE, N.. sp. 

Type specimen no. 19787, an upper premolar three with two associated upper 
cheek-teeth, and several lower teeth presumably from the same individual. From 
the Ricardo Beds, in the E] Paso Range, north of Mohave, California. 

Crowns of upper molars nearly straight; protocone small, separate from proto- 


conule and nearly circular in cross-section; enamel of the fossettes very strongly 
crinkled; mesostyle of nearly uniform width. 


The crowns of the upper molars are nearly straight, or but slightly 
curved, and not greatly elongated. In the type material (figs. 1a@ to 
34), in which the enamel plications are very strong, the length of the 
crown measures about one and one-half times the transverse diam- 
eter. In other specimens, evidently but little worn, the height of 
upper cheek-tooth crowns may equal about twice the transverse 
diameter. The transverse diameter of the anterior molars and 
posterior premolars about equals or slightly exceeds the antero- 
posterior diameter. The cement layer is well developed on the 
outer and inner sides. The parastyle and mesostyle are prominent. 
The external rib formed by the mesostyle is especially strong on the 
premolars. It narrows very gradually from the base. The middle 
region of the outer sides of the paracone and metacone crescents is 
flat, but may show a slight tendency to formation of a median rib. 

The small protocone is free almost to the base in most specimens. 
In cross-section it is nearly circular or is slightly elongated antero- 
posteriorly. ‘The walls of the anterior and posterior fossettes show 
unusually numerous plications. The posterior wall of the prefos- 
sette and the anterior wall of the postfossette are each thrown into 
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six or more short folds. The anterior wall of the prefossette also 
exhibits very marked plications. The posterior wall of the post- 
fossette shows at least one strong fold. 

The upper cheek-teeth do not closely resemble those of any West- 
American species known to the writer. In some respects they show 
more similarity to Neohipparion plicatile of the Florida Pliocene 
than to most of the western species. ‘The general form of the teeth, 
the small, round protocone, the very complexly folded enamel of the 


Zz 
BZ 
BZ 
GZ 
ie 


Fics. 1a to 34. Hipparion(?) mohavense,n.sp. Upper cheek-teeth. No. 19787, natural 
size. Late Tertiary near Ricardo, California. Figs. 1¢ and 14, M?; fig. 1a, occlusal view; 
fig. 14, outer view. Figs. 2¢ and 24, M!; fig. 2a, occlusal view; fig. 24, outer view. Figs. 3a 
and 34, P%; fig. 3a, occlusal view; fig. 34, outer view. 


fossettes, and to some extent the detailed pattern of the enamel folds 
in the Mohave form are strikingly similar to the expression of corre- 
sponding characters of the Old World Hipparion species. It may be 
noted in this connection that the American form N. plicatile, with 
which the Mohave form has been compared, is considered by Gidley? 
as representing a group differing in some respects from other Ameri- 
can species and possibly belonging to an American branch of the 


Old World Hipparion. 
3 Gidley, J. W., Bull. Amer. Mus. Nat. Hist., vol. 23, p. 905, 1907. 
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In dimensions and in general form the Mohave species is very 
near to Hipparion richthofeni of China and to the typical H. gracile 
of Europe. The Mohave form seems distinguishable from H. gracile 
by somewhat larger size, a more distinct tendency to lateral com- 
pression of the protocone, slightly wider mesostyle ribs, and pos- 
sibly by very small differences in the folding of the enamel walls of 
the fossettes. 

The resemblance of H. mohavense to H. richthofeni, as that species 
is figured by Schlosser,* is very close. In the California form the 
dimensions, cross-section of protocone, and most details in the 
enamel pattern match closely the corresponding characters of the 
Chinese species. There are small differences suggesting separation; 
as in the tendency of the small fold of the inner enamel wall opposite 
the protocone to show two or more subdivisions in most specimens 
of H. richthofeni, while in the Mohave specimens the fold is com- 
monly simple; and according to the measurements given by Schlos- 
ser there is a suggestion that the upper molars of H. richthofeni are 
slightly longer than in the Mohave species. 

The Mohave form differs from Hippodactylus antilopinum of 
India in the more clearly rounded enamel folds, and the longer 
enamel fold on the inner wall opposite the protocone. It differs 
from Hipparion theobold: in its smaller size. 

Several lower cheek-teeth associated with the upper teeth consti- 
tuting the type specimen of Hipparion mohavense are presumably a 
part of the type specimen. The lower teeth are long-crowned, but 
do not appear to have been unusually long previous to wear. The 
antero-internal column formed by the metaconid and metastylid is 
long anteroposteriorly, and is divided on the medial side by a deep, 
wide longitudinal furrow. The enamel folds show a tendency to 
form secondary plications, especially on the inner side of the para- 
stylid ridge, and on the anterior side of the hypoconid pillar. The 
small, sharp fold common on the antero-external angle of the pro- 
toconid is seen in several specimens. 

The form of the lower teeth is near that of certain of the specimens 
of Hipparion richthofeni figured by Schlosser’ and by Koken.* The 
enamel folds in H. richthofeni are possibly a little more pronounced, 


4Schlosser, M., Saugethiere Chinas, Abh. Munich Akad., Math-Ph. Classe, Bd. 22, 
Taf. 4, 1903-6. 

5 Op. cit., Taf. 4. 

6 Koken, E., Palae. Abh., Bd. 3, Taf. 4, 1885, 
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and the crowns a little longer, but the discernible difference appears 
small. 

An upper cheek-tooth closely resembling the Mohave species 1s 
known from the Coast Range region of California. This specimen 
was recently referred to Hipparion or Neohipparion by the writer.’ 
It is interesting to note that a suggestion of relationship of this 
tooth to Hipparion richthofeni was made by Gidley in correspond- 
ence in 1904. The tooth had, however, been labeled Neohipparion, 
and the recent reference to Hipparion by the writer was presumed 
at the time the determination was made to be at variance with that 
expressed by Gidley. 


MEASUREMENTS OF No. 19787 
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HIPPARION(?), sp. 


Two moderately worn premolars (no. 19770) representing a 
Hipparion form somewhat larger than the type of A. mohavense 
show enamel folds bordering the fossettes in general like those of 
FH. mohavense, but less pronounced and more simple. The differ- 
ence does not appear to be due entirely to age, and this form may 
represent a species of Hipparion distinct from H. mohavense. 

A P? (no. 19438) may be the same as H. mohavense or may be a 
distinct species. The enamel plications seem less complex than in 
HH. mohavense and are more acute. 
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PROTOHIPPUS(?) TANTALUS, N. sp. 


Two large upper cheek-teeth (nos. 19434 and 21221) from the 
Fl Paso Range differ from the Hipparion forms in the united proto- 


7 Merriam, J. C., Univ. Calif. Publ. Bull. Dept. Geol., vol. 7, p. 376, and figs. 3a and 34, 
p- 375, 1913. 
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cone and protoconule, curved crown, and large wide fossettes with 
crinkling of the enamel limited to their adjacent borders. The 
outer styles are heavy and narrow noticeably above the base (figs. 
4a and 4d). 

These specimens seem certainly different from any referred to 
Hipparion mohavense or allied species. They possibly represent a 
type related to Neohipparion, but are probably to be included in 


Fics. 4a anp 4b. Protohippus(?) tantalus, n. sp. P4(?). No. 19434, natural size. Late 
Tertiary near Ricardo, California. Fig. 4a, occlusal view; fig. 44, outer view. 


Protohippus or Pliohippus. Several much worn upper molars from 
the Ricardo region seem clearly of an advanced Protohippus or 
Pliohippus type, and may represent the same species as the type of 
P. tantalus. 


MEASUREMENTS OF No. 19434 
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INTRODUCTION 


ARLY in the spring in 1911, John R. Suman, then a student of 
the University of California, brought to the writer a small 
collection of fossil bones and teeth obtained on the Mohave 

Desert by H. S. Mourning of Los Angeles. This collection was 
presented to the University by Mr. Mourning and Mr. Suman, 
and constituted the basis for the first study of the Mohave faunas. 
In a brief article! published soon after receiving this collection, the 
writer called attention to the importance of this discovery, as it 
offered the possibility of correlating the deposits of the Mohave 
region with those of the extensive mammal-bearing formations of 
the Great Plains area, and might ultimately assist in determining 
the time relations of formations in the Pacific Coast province to 
deposits of the Great Basin and Great Plains areas. The collec- 
tion was considered to represent approximately an upper Miocene 
stage, and to point toward close faunal relation of the Mohave re- 
gion with the Great Plains area in the period during which this 
fauna flourished. 

In the spring and early summer of 1911, C. L. Baker, then fellow 
in palaeontology at the University, visited the locality reported by 


1 Merriam, J. C., A Collection of Mammalian Remains from Tertiary Beds on the Mohave 
Desert, Univ. Calif. Publ., Bull. Dept. Geol., vol. 6, pp. 163-169, pl. 29, 1911. 


TERTIARY MAMMALIAN FAUNAS OF THE MOHAVE DESERT 


— 
eS 
“5, 
Wy 
Cn IH) 
yt "Oe 
£2 
WY 
Sy 
ND 
o7) ‘ 


é: 
SALI SS Si ae 
\) eC" » v) FAk& 
23 aS S 
o ° WZN9 S “ 
Ne ~ 
Q Seay iN 


SY 
WEF aN 


ne 
irene AN 


2.%, 


2, 
Ca 


D ALIS 

\ 
y ‘ 

AM, 
XS Sana = 
AS BE 
ans 
HES 


a 


i 
Mifpi 


CSTE mt 


S 


LT 


i; 


lh: 


Uy 


A} 
at 


Nie 
“Nt Z% ALENT hah 
Yas ay os eS = 
us SOG, Malnenyakarracs — 
” "I Tansy \ 
. 8 eX < 
S: TRS 
a i & 
“12 Hf IS 
YS : Sty, PES 
We Se ra de 
OATES Aas £S S 
We “ We =S i 
NAS SAE 
SVs NY as 
eee” pita = vy, 
Ne BASS 1 CY NA 
yo CT 5 we \ SE SE 
Ae <a SS SiS Fy, pit e 5, Name Yj 
: : Cie tX ty Alin \ f 
se) Eoin ay Staite 
EIT Does My, SOY et 
= iy BSN BAS Sy 
2 SIS GOR “Oh ove i 
SMe be eae SS \ 
ET om XZ, 8 
Cpl REINS | 
Do Qe “Tre 
BAVA) (24 
« "gyi 
NS A Soaring 
AN CONE yin 
es agi ! 
ASE yee” 
c ye a 
Ke “Osi 
ZONES 
FIVE 
Aas 


walls 
ka a “ ei 
jo 


4 aS 
¥ pee -) 
res ae 
Eias 
a a 
a 
3 


Fic. 1. Outline map illustrating occurrences of Miocene and Pliocene mammal faunas in 
Tertiary provinces of the United States west of the Wasatch Range. B, Barstow beds; 


Rc, Ricardo beds; C, Chanac formation; ET, Etchegoin-Tulare beds and Merychippus zone; 
Or, Orinda beds; E, Esmeralda beds; CM, Cedar Mountain beds; 


T, Truckee beds; MK, 
McKnight Miocene; V-T, Virgin Valley and Thousand Creek beds; I, Idaho beds; Ir, Iron- 
side Pliocene; Rt, Rattlesnake Pliocene and Mascall Miocene; El, Ellensburg formation. 
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Mr. Mourning and secured a considerable collection of mammalian 
remains. Mr. Baker was joined later by Wallace Gordon and by 
Mr. Suman, who assisted with the work. In connection with the 
palaeontologic study it was necessary to make a geological recon- 
naissance of the formations concerned. The results of this investi- 
gation have already been published by Mr. Baker.? 

In December, 1911, a second expedition under the charge of 
Mr. Baker visited exposures of Tertiary beds near El] Paso Peak on 
the northwestern border of the Mohave Desert, and made further 
collections, which added considerably to the list of forms obtained 
by the preceding expedition. On the December, 1911, expedition, 
the party with Mr. Baker consisted of J. Guintyllo, S. H. Gester, 
and G. E. Stone. The geologic section of the region near El Paso 
Peak has been described by Mr. Baker? with the results of his work 
on the correlation of events in the physical history of the region. 

In January, 1913, H. S. Mourning and J. P. Buwalda visited the 
exposures of Tertiary mammal-bearing beds in the area north of 
Barstow, and obtained an excellent collection of the fauna at local- 
ities previously visited by Mr. Mourning. This collection was 
supplemented by specimens purchased from Mr. Mourning, and 
by some very useful material which Mr. Mourning kindly presented 
to the University. 

In December, 1913, and January, 1914, J. P. Buwalda, assisted 
by E. R. Brainard, E. M. Butterworth, and C. Stock, made a 
further examination of the Tertiary beds in the region of the El 
Paso Range in the northwestern part of the Mohave region, and 
obtained a collection of mammalian remains which adds much to 
our knowledge of the fauna of this section. 

In March, 1915, the Pliocene beds west of the town of Mohave ' 
and at the type locality of the Ricardo beds west of the El Paso 
Range were visited by J. P. Buwalda and the writer. On this 
excursion a number of important specimens were secured from the 
lower portion of the Ricardo section at the type locality. 

2 Baker, C. L., Notes on the Later Cenozoic History of the Mohave Desert Region in 
Southeastern California, Univ. Calif. Publ., Bull. Dept. Geol., vol. 6, pp. 333-383, pls. 34-43, 
1911. 

; 3 Baker, C. L., Physiography and structure of the Western E] Paso Range and the 


Southern Sierra Nevada, Univ. Calif. Publ., Bull. Dept. Geol., vol. 7, pp. 117-142, pls. 8-10, 
1912. 
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In the summer of 1915, a party working under direction of J. P. 
Buwalda worked over exposures of the Ricardo in the El Paso 
Range and secured a very valuable representation of the mammalian 
fauna of these beds. In addition to Dr. Buwalda this party in- 
cluded C. L. Moody, Edward Thatcher, and J. M. Douglas. 


GEOGRAPHIC SITUATION AND EXISTING PHYSICAL 
CONDITIONS IN THE MOHAVE AREA 


The Mohave area is a province or subdivision of the Great Basin 
region, of which it forms the southwest corner. The Great Basin 
is separated from the Coast or Pacific region on the northwest side 
of the Mohave area by the abruptly rising Sierra and Tehachapi 
ranges. On the southwest side of the Mohave, the San Bernardino, 
San Gabriel, and other ranges extending between the San Gabriel 
and the Tehachapi, form a clearly marked boundary. 

To the north the Mohave area extends into valleys between the 
parallel ranges situated to the east of Owens Lake. ‘To the north- 
east it grades almost insensibly into the Middle Basin or Nevada 
area of the Great Basin. A natural boundary seems to be fixed 
by a range running nearly parallel with the California-Nevada 
line southeast of the Amargosa Range. To the east the Mohave 
area may be limited by more or less irregular groups of mountain 
ranges lying between the San Bernardino Range and the Opal 
Mountains and Dead Mountains west of the Colorado River at 
the southern end of Nevada. Considering this area in a broad 
sense, rather than as limited strictly to the Mohave Desert, the 
Mohave area seems naturally to reach east and southeast to the 
western border of the plateau, lying to the east of the Colorado 
River. 

The Mohave area is in general one of extreme aridity at the pres- 
ent time. The rainfall is about five inches in the western portion 
of the desert near the town of Mohave, and may be one or two 
inches less in the region farther to the east, near Barstow. Living 
streams are rare, and travel in all of this region has necessarily 
been limited by scarcity of localities at which potable water can 
be obtained. In recent years the development of artesian water 
has made agricultural operations possible in regions which previ- 
ously had been uninhabitable. 
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EXISTING LIFE OF THE MOHAVE AREA 


The vegetation of the Mohave area is at the present time limited 
to desert types, and the contrast with the flora on the opposite 
side of the mountains bordering the desert to the west is marked. 
Plants of arboreal types comprise only a very few junipers and the 
tree yuccas. The creosote bush is commonly present and is the 
dominant plant of this area. 

The Recent mammalian fauna of the desert includes thirty-five 
species, of which twenty-one are rodents. The Ungulata include 
only the pronghorn antelope (4ntilocopra americana) and the desert 
bighorn (Ovis nelsoni). The Carnivora include the desert coyote 
(Canis ochropus estor), the Mohave Desert kit fox (Vulpes macrotis 
arsipus), the California raccoon (Procyon lotor psora), a spotted 
skunk, a striped skunk, the northwestern cougar (Felis oregonensis), 
and the desert wildcat (Lynx eremicus eremicus). ‘The rodent fauna 
comprises thirteen genera which are included in the representative 
list given below, kindly furnished for this study by Dr. Joseph 


Grinnell. 


Recent MammMats Known FROM THE Mouave DESERT 


Myotis californicus pallidus Stephens 

Pipistrellus hesperus hesperus (H. Allen) 

Eptesicus fuscus (Beauvois) 

Antrozous pallidus (LeConte) 

Nyctinomus mexicanus Saussure 

Canis ochropus estor C. H. Merriam 

Vulpes macrotis arsipus Elliot 

Procyon lotor psora Gray 

Spilogale phenax C. H. Merriam 

Mephitis occidentalis holzneri Mearns 

Felis oregonensis Rafinesque 

Lynx eremicus eremicus Mearns 

Onychomys torridus pulcher (Coves) 

Reithrodontomys megalotis deserti Allen 

Peromyscus maniculatus sonoriensis 
(LeConte) 

Peromyscus crinitus stephensi Mearns 

Neotoma intermedia desertorum C. H. 
Merriam 

Neotoma fuscipes mohavensis Elliot 

Microtis californicus mohavensis Kellogg 

Thomomys perpallidus perpes Merriam 


Little pallid bat 

Western bat 

Large brown bat 

Desert pallid bat 

Mexican free-tailed bat 
Desert coyote 

Mohave Desert kit fox 
California raccoon 
California spotted skunk 
Southern California striped skunk 
Northwestern cougar 
Desert wildcat 

Desert grasshopper mouse 
Desert harvest mouse 
Sonora white-footed mouse 


Stephens Cafion mouse 
Desert wood rat 


Mohave wood rat 
Mohave River meadow mouse 
Lone pine pocket gopher 
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_ Perognathus panamintinus bangsi 


_ Perognathus penicillatus stephensi C. H. 


Mearns 
Perognathus formosus C. H. Merriam 


Merriam 
Perognathus fallax pallidus Mearns 
Perodipus microps C. H. Merriam 
Perodipus panamintinus C. H. Merriam 
Dipodomys deserti Stephens 
Dipodomys merriami simiolus Rhoads 
Citellus beecheyi fisheri (C. H. Merriam) 
Citellus mohavensis (C. H. Merriam) 
Ammospermophilus leucurus leucurus 
(C. H. Merriam) 
Lepus californicus deserticola Mearns 
Sylvilagus auduboni arizonae (Allen) 
Antilocapra americana (Ord) 
Ovis nelsoni C. H. Merriam 


PLA G/ 


Bangs pocket mouse 


Long-tailed pocket mouse 
Stephens pocket mouse 


Pallid short-eared pocket mouse 
Small-faced kangaroo rat 
Panamint kangaroo rat 

Big desert kangaroo rat 

Allied kangaroo rat 

Fisher ground squirrel 

Mohave ground squirrel 
Antelope ground squirrel 


Colorado Desert jackrabbit 
Arizona cottontail 
Pronghorn antelope 


Desert bighorn 


Of the Recent fauna only a few genera are known from the 
Tertiary of the Mohave area. A number of the existing forms, 
such as the bighorn, are probably immigrants from the Old World, 
which arrived considerably later than the deposition of the youngest 
Tertiary beds of the Mohave. Unfortunately we have as yet been 
able to obtain only a very meager representation of the rodent 
fauna of the Tertiary beds of this region. When this fauna is 
better known a number of genera now living will undoubtedly be 
recognized in the Mohave Tertiary. 


OCCURRENCE AND NOMENCLATURE OF THE 
MAMMAL BEDS 


Geologic sections of the Tertiary beds in the Mohave region are 
most satisfactorily exposed in an extensive series of deposits in the 
Barstow syncline north of the town of Barstow, and in excellent 
exposures around Ricardo Post Office in Red Rock Cafion, between 
the eastern foot of the Sierras and the El Paso Range. These de- 
posits, with other exposures spread widely over this area, have been 
referred by C. L. Baker,* and earlier in part by O. H. Hershey,' 
to the Rosamond Series on the assumption that they represent one 
great period of accumulation. 


4 Univ. Calif. Publ., Bull. Dept. Geol., vol. 6, pp. 333-383, 1911. 
® Amer. Geol., vol. 29, pp. 365-370, 1902. 
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While the name Rosamond may be used tentatively for the mid- 
dle and late Tertiary sediments of the Mohave area it has not been 
demonstrated that the several formations represented are as closely 
related in their depositional history as they appeared in the first 
investigations. It seems necessary to discuss the beds in the Bar- 
stow syncline and those at Ricardo as distinct divisions, since the 
evidence of the faunas indicates that the deposits were laid down 
in rather widely separated epochs. The known fauna of the 
Barstow syncline occurs near the top of the section, and it is very 
doubtful whether beds containing a fauna like that of the much 
more advanced stage of Ricardo are present in the Barstow section. 
The fauna at Ricardo occurs through the greater part of the Red 
Rock Cafion section. Though it is possible that the lower Ricardo 
beds contain a faunal assemblage similar to that of the Barstow 
region, evidence indicating the presence of a typical Barstow fauna 
has not been obtained. The Rosamond series of Hershey may 
include beds containing the older fauna of Barstow, but it is doubt- 
ful whether it comprises sediments of the stage represented at 
Ricardo. 

In an earlier publication the writer® referred to the fauna of the 
Barstow syncline as the Mohave fauna, this name being considered 
mainly as a geographic designation. Later, in order to avoid con- 
fusion with other Tertiary faunas occurring in the Mohave area, 
the name Barstow’ has been used for this faunal assemblage, and 
Barstow formation® for the beds containing the Upper Miocene or 
Barstow fauna. ‘This formation comprises the uppermost of five 
divisions in the Barstow syncline, described by Baker® as the 
Fossiliferous Tuff member, and any other beds which may be 
recognized as representing the horizontal or vertical extension of 
the same depositional unit. The limits of the Barstow formation 
may be found to correspond with those of the Fossiliferous Tuff 
member, or they may include a greater range of sediments above 
and below. It is possible that the Barstow fauna occurs in all of 
the strata of the Barstow syncline. It is also easily possible that 


6 Merriam, J. C., Univ. Calif. Publ., Bull. Dept. Geol., vol. 6, p. 168, 1911. 

7 Merriam, J. C., Univ. Calif. Publ., Bull. Dept. Geol., vol. 8, p. 285, 1915; vol. 9, pp. 7, 
49, 1915; vol. 9, p. 171, 1916. 

8 Merriam, J. C., Pop. Sci. Mon., p. 252, March, 1915. 

° Op. cit., vol. 6, pp. 345-346, 1911. 
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the lowest strata of that section will be discovered to contain a 
faunal assemblage much older than the particular Upper Miocene 
assemblage known in the Fossiliferous Tuff. The Resistant Breccia 
member immediately below the Fossiliferous Tuff in Baker’s 
Barstow syncline section seems to contain a representation of the 
Barstow fauna, and may ultimately be included in the Barstow 
formation. Should the Resistant Breccia be recognized as a dis- 
tinct formation the name Barstow group may be used for the 
sequence of formations. 

The Barstow formation will be recognized as a division of the 
Rosamond Series if the Barstow syncline corresponds to the type 
section of the Rosamond at Rosamond station, as has been assumed 
by Hershey and by Baker. As yet it seems difficult to make cer- 
tain of correlation between the Barstow syncline and the type 
Rosamond section, as palaeontologic evidence is lacking at Rosa- 
mond. If the Barstow formation is considered as a member of the 
Rosamond, it is presumably a late member of the series. 

The section of deposits at Red Rock Cafion was first described 
by G. K. Gilbert,!° who gave the essential features of the strati- 
graphic succession and referred to the exposures as the Red Rock 
Cafion beds. More than twenty years later, in 1896, H. W. Fair- 
banks" gave a further description of the section at Red Rock Cafion 
furnishing estimates of thickness, degree of deformation, and ex- 
tent of distribution of the beds. Following the usage of Gilbert, 
Fairbanks referred to the section as the Red Rock Cafion beds. 

In a paper reviewing the Eocene of North America in 1900, 
J. H. Smith used the heading “Mohave Formation” for a para- 
graph which, with the exception of a little more than one line, 
consisted of a quotation from Fairbanks’ description of the sedi- 
ments in the region of El Paso Range and Black Mountain. 
Smith’s reference was directed especially toward a portion of the 
section near Black Mountain from which Fairbanks reported leaves 
determined by F. H. Knowlton as Eocene. Recent investigation 
of the area in which the leaves were found has not made clear the 
stratigraphic relations of the plant horizon, and it is possible that 


10 Geographical and Geological Explorations West of the 100th Meridian, pp. 142-143, 
1875. 

11 Amer. Geol., vol. 17, pp. 68-69, 1896. 

12 Jour. Geol., vol. 8, pp. 455-456, 1900. 
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the lowest beds at Black Mountain from which the reported Eocene 
leaves were obtained may actually represent an Eocene horizon. 

In discussing the Cenozoic history of the Mohave Desert in 1911 
C. L. Baker" referred the Red Rock Cafion section to the Rosa- 
mond Series. In his paper! on the Physiography and Structure 
of the Western El Paso Range Baker continued use of the term 
Rosamond Series for the Red Rock Cafion section. 

Following the discovery that the fauna from the beds in Red 
Rock Cafion is sharply distinct from that in the Barstow section, 
the writer has described numerous mammalian forms from the Red 
Rock Cafion section as representing the Ricardo fauna, Ricardo 
beds, or Ricardo Pliocene. In a recent article!* the name Ricardo 
formation was used for the stratigraphic unit containing the fauna 
of the beds at Ricardo Post Office. 

In some respects there may be justification for use of the name 
Red Rock Cafion beds, formation, or group for the stratigraphic 
sequence containing the fauna at Ricardo, as this was the first 
designation used for the section. The name was however not 
used for nomenclature purposes either by Gilbert or by Fairbanks, 
and has the disadvantage of extreme length, including as it does 
three words. The term Mohave formation occurring in Smith’s 
article is again evidently not applied for naming purposes, as it is 
merely a heading for a division of the paper, with other names a 
considerable proportion of which are not actually formations. The 
application of the name is not clear, as it may be presumed to refer 
to Eocene beds, and an Eocene formation distinct from the Ricardo 
group is possibly present in the Black Mountain region. Use of 
the name Mohave, if it were now adequately defined, would cer- 
tainly lead to confusion of the fauna at Red Rock Cafion with the 
Barstow fauna known from the large exposures in the middle of 
the Mohave Desert. It has therefore seemed necessary to continue 
use of the name Ricardo for the fauna occurring in the Red Rock 
Cafion section. In the geologic sense the name Ricardo group may 
be used for the sequence of strata exposed at Ricardo Post Office 


18 Univ. Calif. Publ., Bull. Dept. Geol., vol. 6, p. 354, 1911. 

44 Univ. Calif. Publ., Bull. Dept. Geol., vol. 7, pp. 117-142, 1912. 

16 Merriam, J. C., Univ. Calif. Publ., Bull. Dept. Geol., vol. 7, p. 285, 1913; vol. 7, p. 436, 
1913; vol. 8, p. 276, 1914; vol. 8, p. 285, 1915; vol. 9, p. 5, 1915; vol. 9, p. 54, 1915; vol. 9, 
pp. 170-171, 1916. 

16 Merriam, J. C., Pop. Sci. Mon., vol. 86, p. 253, March, 1915. 
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with its upward and dowr.ward extension within the depositional 
unit. It is not improbable that several formations may ultimately 
be mapped within the limits of the Ricardo group. The strati- 
graphic relation of the Ricardo to the Barstow is not determined, 
as the two are not known to bein contact. Should the two faunas 
be found to overlap, the stratigraphic units would perhaps be com- 
bined, but distinctness of the faunas makes this improbable. 


GEOLOGIC RELATIONS OF THE TERTIARY 
FORMATIONS 


The Tertiary sediments of the Mohave area rest upon a base- 
ment including granites and schists of pre-Tertiary age, and extru- 
sive igneous rocks presumably at least as old as Lower Miocene. 
A flow of basic andesite or of acid basalt overlies the granitic rocks 
and underlies the basal Tertiary sediments of the Barstow syncline. 
A rhyolite described by Lindgren from the Calico Mountains is 
stated by Baker to underlie beds considered to represent the Rosa- 
mond Series. 

Excepting marine deposits of Eocene age, the oldest Tertiary 
rocks in the Mohave area of which the age is certainly known are 
included in the Barstow formation representing the upper Miocene. 
The Barstow fauna is found in the uppermost or Fossiliferous Tuff 
member of the five divisions referred by C. L. Baker to the Rosa- 
mond Series in the section north of Barstow. ‘The Resistant Brec- 
cia member immediately below the Fossiliferous Tuff member of 
Baker’s section also contains mammalian remains presumably of 
the same faunal stage as those of the member immediately above. 
The only known fossil remains occurring below the Resistant 
Breccia member in the Barstow syncline section consist of a single 
imperfectly preserved fresh-water gastropod found in the third 
member from the upper end of the section. This specimen does not 
furnish definite evidence of age of the beds in which it occurs. 

Leaves stated by F. H. Knowlton to resemble Eocene species 
were collected by H. W. Fairbanks!” near the base of the Ricardo 
section at Black Mountain near El Paso Range on the western 
border of the Mohave area. ‘There is some doubt as to the age of 
these specimens, as also regarding their occurrence, and recent 


17 Amer. Geol., vol. 17, pp. 63-74, 1893. 
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examination of the old coal workings from which the plants were 
obtained has not furnished sufficient information to permit a Judg- 
ment as to the age of the plant-bearing beds. 

Dr. Fairbanks reported the occurrence of a seam of coal fourteen 
inches thick, enclosed between clay strata, and apparently occupy- 
ing a position below the tuffs to the southeast of Black Mountain. 
Impressions of leaves in the clay above the coal were examined by 
Dr. Knowlton who reported that they represent three small frag- 
ments of plants belonging in two species, Sapindus affinis Newb. 
and Anemia subcretacea (Sap.) Ett. and Bard. This material was 
considered as hardly sufficient to warrant speaking with positive- 
ness concerning the age of the beds, but the species were considered 
as certainly Tertiary and seemed to belong to the Eocene. Both 
species were stated to have quite a wide geographic distribution 
and with several unimportant exceptions to be confined to the 
Eocene. 

At the writer’s request the old coal workings on Black Mountain 
were recently examined by J. P. Buwalda who reports upon them 
as follows: 


The location of the old coal workings is about two miles to the southeast of 
Black Mountain, and in the saddle between that mountain and the main El Paso 
Range. The coal mines were worked at least 12 or 15 years ago. There is only 
one shaft available and that can no longer be entered. The coal seen in this 
locality is at the base of the sedimentary series. The Ricardo here lies on a 
metamorphosed complex quite certainly of pre-Cretaceous age. It is not possible 
to say certainly that the leaf formation is a member of the Ricardo formation. 
It might be a freshwater formation deposited upon the metamorphosed complex 
of the E] Paso Range in early Tertiary time, and the Ricardo beds may be of 
later date deposited unconformably upon it. The stratigraphic relations around 
the coal mine are not clear. 

The dump from the coal mine has been burned over so that no solid material 
is left. A few impressions of two or three plants resembling rushes were found 
but no determinable specimens were obtained. 


Near the extreme western border of the Mohave Desert area the 
Eocene is represented by marine deposits of the Martinez or Lower 
Eocene stage.!8 This section has an estimated thickness of at 
least 5000 feet. How far the marine Eocene deposits extended 
over the Mohave area originally is not known. It is possible that 


18¢ Dickerson, R. E., Univ. Calif. Publ., Bull. Dept. Geol., vol. 8, p. 293, 1914. 
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land or fresh-water beds were accumulating in this area contem- 


poraneously with the marine Eocene, or the sea may have covered 


a considerable portion of the area. No marine deposits of later 


age than Eocene are known in the Mohave area.!8* 


Barstow Syncline Section—The section in the Barstow syncline 
consists in a large part of volcanic materials with beds of clay and 
shale at some horizons. The deposits are evidently partly of 
terrestrial and partly of lacustrine origin. At rare horizons, re- 
mains of fresh water mollusca including Planorbis and Anodonta(?) 
are abundant. In other beds scattered and weathered bones, 
representing a large tortoise and numerous mammals belonging to 
the open plains type probably indicate accumulation on dry land. 
Baker held that the Rosamond as described by him was accumu- 
lated mainly “under the same conditions of desert aggradation as 
operate in the region at the present day.” As is suggested in the 
following discussion (p. 1128) the writer considers that during depo- 
sition of the Barstow beds the climate may have been considerably 
more humid than at the present time. 

The Barstow syncline section was divided by Baker into the 
following five members: 


1. Fossiliferous tuff member (uppermost division). 
2. Resistant breccia member. 

3. Fine ashy and shaly tuff member. 

4, Tuff-breccia member. 

5. Basal breccia member (lowest division). 


The five divisions in the Barstow syncline were considered by 
Baker to represent to some extent local conditions, the number of 
members being possibly increased or diminished at other localities 
in this area. It is perhaps desirable to give a distinct formation 
name to each of the five divisions, but a more intimate knowledge 
of the geology of this region must be obtained before the divisions 
are all recognized as representing more than local phases of the 
series. A more complicated history for the beds of this section 
than that now known may yet be demonstrated. 

The lowest or Basal Breccia member in the south limb of the 
Barstow Syncline rests upon the eroded surfaceof both granodiorite 

18> Since this paper was written Wallace Gordon has discovered marine beds of middle 


Tertiary age on the western border of the Mohave area near Quail Lake, 35 to 40 miles west 
of Lancaster on the main line of the Southern Pacific Railroad. 
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and a basic andesite or acid basalt. The Basal Breccia contains 
fragments of the rocks belowit. The fragments are mostly angular 
or subangular. The rocks of this member evidently represent a 
type recently designated as fanglomerate by A. C. Lawson.!® ‘This 
division is at least several hundred feet in thickness. 

The Tuff-Breccia member, or second division from the base, 
differs from the lowest member in being composed of finer frag- 
ments containing less granitic material and in having a much larger 
proportion of volcanic ash in the matrix. It is considerably over a 
thousand feet in thickness in the north limb of the Barstow syn 
cline. The upper limit of this member was considered by Baker 
to be defined by an unconformity of unknown extent. This divi- 
sion is made up of variegated beds ranging from cream-color 
through red, purple, brown, and green. 


Fic. 2. North and south section through the middle of the minor axis of the Barstow syn- 
cline. Length of section is approximately three miles. (1) Basin alluvium. (2) Basic 
andesite or acid basalt. (3) Basal breccia member. (4) Fine ashy and shaly tuff member. 
(5) Resistant breccia member. (6) Uppermost beds of fossiliferous tuff member. (7) 
Coarse granodiorite breccia, separated from (8) by an unconformity. (8) Tuff-breccia mem- 
ber. (9) Granodiorite. (10) Unconformable mantle of alluvial debris, dipping toward 
basin. (After Baker.) 


The Fine Ashy and Shaly Tuff member, numbered three above 
the base, has a thickness of approximately 500 feet. It consists of 
fine materials comprising ash toward the base, and dark, compact 
mud-stone toward the top. A single fossil, a Planorbis, was found 
in this division. 

The Resistant Breccia member, number four, may be designated 
as a fanglomerate. It is in general coarser than the Tuff-Breccia. 
It differs from the basal member in having a larger percentage of 
volcanic ash. It weathers into badland forms, and contributes 
some of the characteristic scenic features of the region. This divi- 
sion is approximately 1000 feet in thickness. The beds range in 


19 Univ. Calif. Publ., Bull. Dept. Geol., vol. 7, pp. 325-334, 1913. 
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color from gray to brown and red, but are not as brilliantly colored 
as in the Tuff-Breccia member. A considerable collection of mam- 
malian remains was obtained in this division. These specimens 
seem to represent the fauna known from the typical horizon of the 
Barstow in the fifth division immediately above. 

Of the Fossiliferous Tuff member, the typical Barstow, forming 
the uppermost portion of the section, evidently only a portion is 
now available for study, the remainder having been removed by 
erosion. ‘There is a gradual gradation from the coarser beds of the 
Resistant Breccia member into the fine, overlying beds of the Fos- 
siliferous Tuff. The uppermost division is made up mainly of 
bluish-gray to yellowish-brown, slightly indurated strata, composed 
largely of fine arkose with a considerable percentage of volcanic 
ash. The principal deposits of mammalian remains representing 
the Barstow fauna occur in this member of the Barstow syncline 
section. 

Ricardo or Red Rock Canon Section.—In the extensive exposures 
of sediments constituting the type section of the Ricardo group at 
Red Rock Cafion between the El Paso Range and the Sierra Ne- 
vada, the mammalian fauna is distinctly different from that of the 
Barstow syncline, and of a later phase. This section includes more 
than three thousand feet of deposits which are largely tuffaceous. 
The section as given by Baker is as follows: 


Browihishatosredacutt=pheCclay eis ee eee Lay 
Ashy, tuffaceous beds, quite coarse and poorly assorted up to 15 
inemwellicementedubrecciag ai. Vole shah, SN eine ua oie cere oe 40 
Arkose and lava-breccia interbedded with tuff............ 
Wéesiculaitiinasal Garena ies pinay i esa IRS eee UR in pe 


Tuft-breccia, fine, gray, poorly stratified.............. te 50 
Westewlatmbasaltenenpatuias irjeceie Sayan lg 9 Sure, 50 
Tuff-breccia, light gray, rather fine, poorly stratified....... 300 
Gray beds interspersed with layers of dark red............ 150-250 
Pink-spotted tuff-breccia forming one massive bed........ 100 
Dark, red breccia with thinner interstratified gray layers... 250+ 


Dr. J. P. Buwalda, who has made a careful study of the type 
section of Ricardo, giving special attention to the highest and 
lowest portions, has kindly furnished the following description and 
measurements: 
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EsTIMATED SECTION OF THE STRATA ExposEp ALONG RED Rock Canon 


NEAR RICARDO 
Feet 
Extending from the upper of the basalt flows to the top of the 


exposed section. Beds of yellowish arkosic material, consist- 
ing of coarse angular particles of quartz and feldspar and 
containing a large admixture of angular fragments of granitic 
rock; muddy sandstones gray, light bluish gray or brown in 
color and which because of lack of classification of their ma- 
terials are indistinctly bedded; occasional layers of ash, pumi- 
ceous material, and brown calcareous material. The general 
lack of classification and of distinct bedding in the materials 
and their angular character indicate that they are quite cer- 


tainly waste-slope and playa lake deposits.................. LSe0) 6 
Columnat)basalt,ivesicular at upper suitacesn yee ere eee ean DS) 9 
Grayish blue arkosic strata, with some clay layers............. 407 


Of the section beneath the lavas the lower contlon @ consists 2 aie 
cipally of bluish arkosic material, the middle portion of tuf- 
faceous strata including several hundred feet of massive pu- 
miceous tuffs of pink and brown hues, and the upper portion, 
immediately beneath the lava, consists principally of bluish 
ankosiGibedsiwitiisomelclayevaimnate nial amen yaar enna 1400 ? 


Mammalian remains are found through the whole of the Ricardo 
section. At anumber of horizons, both above and below the lavas, 
specimens have been found relatively abundant. It is possible that 
further collecting along the strike of the beds will disclose other 
localities in which material will be found well represented at hori- 
zons from which as yet little has been obtained. 


PALAEONTOLOGIC MATERIALS AVAILABLE 


Remains of Tertiary vertebrates are known from a wide area in 
the Mohave region. They are not abundant in many places, but 
at a few localities fragmentary specimens are found scattered over 
the ground in considerable numbers. Connected parts of skeletons 
are rare. At a number of points where bones were found in place 
in the Tertiary sediments they were disconnected, and it is evident 
that the mode of deposition of the beds, and of the accumulation of 
remains, were such that skeletal parts were generally widely scat- 
tered and broken or weathered before final burial. 

The preservation of teeth and bones available is commonly good; 
that is, the bones have not rotted nor broken down to a great ex- 
tent since burial. 
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The collections obtained represent several thousand specimens, 
mostly teeth and portions of limb bones. In a few cases good skull 
material was secured. 

In the Barstow beds vertebrate remains are found almost exclu- 
sively in the uppermost zone of the Barstow syncline as described 
by Baker. This division of the section was designated by Baker?® 
as the Fossiliferous Tuff member. In this portion of the section 
there are occasional layers several inches in thickness containing 
an unusually large representation of mammalian bones. One hori- 
zon of this nature furnishing many remains of Merychippus was 
known in the field as the Merychippus bed or zone. Bones were 
found in the Resistant Tuff member or fourth horizon, but were not 
discovered, so far as the writer is aware, in the first, second, and 


vim Ararat | Basar rows ‘Ton Canyon 
Se I a eee ma Se oS D Ss, . 7 Ke IP prop = 


RICARDO EL PRSO FC POUNTRIY 
Horizontal cistence represented about &$ Miles COMPLEX 


Fic. 3. Somewhat generalized north and south section through the Ricardo beds, extend- 
ing from the basement complex of El Paso Mountain to the alluvium of the Mohave Desert. 
Section prepared by J. P. Buwalda. 


third of the five members, counting upward from the base of the 
section. 

In the Ricardo beds mammalian remains were found through the 
greater part of the section. Good specimens are not abundant at 
any horizon, but at a few localities fragments are common. At 
nearly all hhasiaote careful collecting will uncover a small repre- 
sentation of the fauna. 


BARSTOW FAUNA 


Mollusca Carnivora 
Anodonta? Canid (Canis?), sp. small 
Planorbis mohavensis Hannibal Tephrocyon, near temerarius (Leidy) 
Limnaea, sp. Aelurodon, near wheelerianus Cope 
Testudinata Aelurodon, Dinocyon, or Amphicyon, 
Testudo mohavense, n. sp. sp. 
Aves Machaerodont, sp. a 
Buteo, sp. Machaerodont, sp. 4 


20 Baker, C. L., Univ. Calif. Publ., Bull. Dept. Geol., vol. 6, p. 345, 1911. 
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Machaerodont, sp. ¢ Protohippus? or Pliohippus?, sp. 
Felid?, indet. Suidae 
Pseudaelurus, sp. Prosthennops?, sp. 
Rodentia Oreodontidae 
Lepus?, sp. Merycochoerus? buwaldi, n. sp. 
Proboscidea Camelidae 
Tetrabelodon?, sp. Procamelus, sp. 4 
Equidae Procamelus, sp. 4 
Hypohippus, near affinis (Leidy) Pliauchenia, sp. 
Parahippus? mourningi Merriam Alticamelus?, sp. 
Merychippus (Protohippus) inter- | Cervidae 
montanus Merriam Dromomeryx or Cervus?, sp. 
Merychippus calamarius stylodon- __ Bovidae 
tus, n. var. Merycodus necatus? Leidy 
Merychippus sumani Merriam Merycodus? coronatus Merriam 


RELATION OF THE BARSTOW FAUNA TO ITS ENVIRONMENT 


The fauna of the Barstow beds is as a whole that of an open 
country affording fairly abundant grass and herbage, and evidently 
better watered than the Mohave Desert at the present day. The 
abundance of remains of grazing horses of the Merychippus type, 
the presence of mastodons, oreodonts, abundant merycodonts, a 
considerable variety of camels, and a peccary all indicate that 
nutritious vegetation must have been more abundant than at 
present. The Merychippus forms would probably not have been 
present in such numbers unless grasses were well represented. 

The climate of the Mohave area during the time of deposition of 
these mammal-bearing beds was not improbably semi-arid, like 
portions of the Great Valley of California at the present day. The 
relatively small representation of peccaries and oreodonts and of 
the Hypohippus group, and the presence of large tortoises is pos- 
sibly to be correlated with open semi-arid character of the country. 

That small bodies of water were present at times in this area is 
shown by the discovery of an abundance of fresh-water molluscan 
remains at certain horizons. 


STAGE OF EVOLUTION AND RELATIONSHIPS OF THE BARSTOW 
FAUNA 


RELATION TO TERTIARY FAUNAS OF THE GREAT Basin REGION 


The fauna of the Barstow beds represents a stage in the evolution 
of Tertiary mammalian faunas not previously distinctly recognized 
in the Great Basin Province. It seems clearly later than the 
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Middle Miocene stage of the Mascall and Virgin Valley; and is 
_ markedly older than Rattlesnake, Thousand Creek, and Ricardo, 
representing the next known stage following the Middle Miocene 
in the Great Basin. The fauna of the Barstow has few if any 
_ species in common with that of the Ricardo, and is of a distinctly 
older type. Its nearest relationships are with the faunal as- 
semblage of the Cedar Mountain region of southwestern Nevada, 
from which it possibly differs somewhat in stage. 

Compared with the Middle Miocene faunas of the Mascall and 
_ Virgin Valley the Carnivora of the Barstow fauna show a more pro- 
gressive stage. Large aelurodons are common, though Tephrocyon, 
a characteristic genus of the Great Basin Middle Miocene, is also 
well represented. Aelurodon is only doubtfully represented in the 
_ Middle Miocene. Among the ungulates Hypohippus is represented 
by a larger species than that of the Virgin Valley. The abundantly 
represented Merychippus is of a larger type, with longer-crowned 
cheek-teeth than that of the Mascall and Virgin Valley, and grades 
into forms which are difficult to exclude from Protohippus. ‘Though 
such advanced forms as Pliohippus and Hipparion are reported 
from the Mascall no remains of either of these genera are certainly 
known from that formation. Some of the species previously listed 
from the Mascall have been obtained in the Rattlesnake by Uni- 
versity of California parties. In the Virgin Valley beds, with a 
fauna similar to that of the Mascall, there is no suggestion of the 
presence of Equidae more advanced than Merychippus. 

The Dromomeryx of the Barstow seems somewhat more advanced 
and less common than that of the Mascall and Virgin Valley. 
Merycodus, which is abundantly represented in the Barstow, is less 
common and less advanced in the Virgin Valley, and is unknown as 
yet in the Mascall. The relatively primitive Blastomeryx is well 
known in the Virgin Valley, but not found in the Barstow. Blasto- 
meryx has not been reported from the Mascall up to this time. 

Rhinoceroses are unknown in the Barstow, but this peculiarity 
of the fauna may be due to local conditions rather than to stage of 
development of the fauna. 

Comparison of the Barstow fauna with that of the Rattlesnake 
and Thousand Creek is necessarily limited to a few groups, owing 
to the small representation of comparable types in the later faunas. 
The horses of the Rattlesnake and Thousand Creek comprise only 
advanced types included in the genera Pliohippus and Neohip- 
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parion, in contrast to the abundant Merychippus fauna of the Bar- 
stow. The camels of the Thousand Creek and Rattlesnake are in 
general larger forms than those of the Barstow. The advanced 
types of antelopes of the Thousand Creek fauna, represented by 
Llingoceros and Sphenophalos, are much more progressive than 
Merycodus of the Barstow. They are possibly derivatives from 
the Merycodus group, which is not known in beds of the Thousand 
Creek stage. 

The almost total specific distinctness of the Barstow and Ricardo 
faunas, taken with the wide difference of genera in groups with 
somewhat similar relations to their environment, makes it impos- 
sible to conceive of the two faunas as having existed contemporane- 
ously in regions of quite similar topography only a few miles apart 
during the time required to deposit the many hundreds of feet of 
strata in which they occur. Comparison of the Barstow and Ri- 
cardo faunas shows that in nearly every comparable group in which 
there is a noticeable difference the Ricardo forms are more ad- 
vanced. Inthe Canidae the typical Barstow Tephrocyon disappears 
in the Ricardo. The aelurodons of the Barstow are, where com- 
parable, less specialized than those of the Ricardo. The proto- 
hippine Merychippus forms, with a possible rare Protohippus or 
Pliohippus, of the Barstow give place to specialized Hipparion and 
Pliohippus, with no forms as primitive as Merychippus. The cam- 
els of the Ricardo include larger forms than those of Barstow. 
Dromomeryx of the Barstow is not known from the type section of 
the Ricardo, and the Ricardo Merycodus appears somewhat more 
specialized than that of the Barstow. 

The difference between the Barstow and Ricardo faunas can 
scarcely represent a time interval amounting to less than one- 
third of a geological period as faunal changes are ordinarily inter- 
preted. 

The exact relation of the Barstow fauna to that of the Cedar 
Mountain beds”! is not entirely clear. The Cedar Mountain car- 
nivores include a Tephrocyon apparently identical with 7. kelloggi 
of the Virgin Valley, while the 7. semerarius type of the Barstow 
fauna is absent. One large Aelurodon-like form of the Cedar 
Mountain does not seem to be identical with any of the Barstow 
species. The Hypohippus-like forms of the Cedar Mountain beds 


21 Merriam, J. C., Tertiary vertebrate fauna from the Cedar Mountain Region of Western 


Nevada, Univ. Calif. Publ., Bull. Dept. Geol., vol. 9, pp. 161-198, 1916. 
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are near the stage of advance in size seen in the species known 
from the Barstow. Protohippine horses are unfortunately very 
imperfectly known from the Cedar Mountain beds. One form is 
near the stage of the Barstow Merychippus; another seems rela- 
tively advanced, and may be more progressive than any but the 
most advanced type known from the Barstow. It is possible that 
more than one faunal horizon is represented in the Cedar Mountain 
region, and that the two protohippine horses came from different 
zones. 

Merycodus is represented in the Cedar Mountain region most 
commonly by a type corresponding to M. furcatus, though M. 
necatus of the Barstow fauna is also present. 

Rhinoceroses are represented in the Cedar Mountain beds, but 
are not thus far known from the Barstow. 

On the whole the faunal assemblage of the Barstow balances 
near the stage of evolution of the Cedar Mountain beds. The 
dissimilarity may be due to the presence in the Cedar Mountain 
region of some horizons older and some younger than those from 
which the Barstow fauna has been obtained. A portion of the dif- 
ference may be due to geographic variation. As the horizontal 
separation is not large and the environments were presumably not 
greatly different, the geographic factor may not be sufficient to 
account for the dissimilarity. 

In general the Barstow and Cedar Mountain faunas are as near 
to each other as either is to any other known faunal assemblage 
in the Great Basin Tertiary series. 


RELATION TO TERTIARY FAUNAS OF AMERICA OUTSIDE THE GREAT 
Basin REGION 


The nearest relationships of the Barstow fauna outside the Great 
Basin are with the Santa Fé beds of New Mexico. Several types 
which are among the most important forms of the Santa Fé beds 
are similar to species in the Barstow fauna. These include 4e/uro- 
don wheelertanus, Merychippus calamarius, Procamelus near gracilis, 
and Merycodus necatus. 

As a considerable distance separates the Barstow geographically 
from the Sante Fé some difference in fauna is to be expected. It 
is also possible that the Santa Fé beds represent more than one 
horizon, or may include beds ranging into stages older or younger 
than the Barstow. 
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Several peculiarities of the Barstow fauna in comparison with 
other assemblages of nearly the same age inside and outside the 
Great Basin are not readily explained. With a considerable col- 
lection from the Barstow region, as yet no remains representing 
rhinoceroses have been seen, while they are known from the nearly 
allied Cedar Mountain and Santa Fé faunas. As this group was 
present in America until Pliocene time its absence from the Barstow 
region may be due to some peculiarity of the environment. It 
should be noted that rhinoceroses are also unknown in the Ricardo 
fauna. 

Another peculiarity is the absence from the Barstow of Merycodus 
furcatus well represented in the Santa Fé beds. In the Cedar 
Mountain region both types of Merycodus are present, as are also 
rhinoceroses. The absence of these forms from the Barstow was 
possibly a peculiarity of this geographic area in Upper Miocene 
time. 

Considering its relation to the recognized Middle Miocene of the 
Mascall and Virgin Valley, to the Pliocene of the Rattlesnake and 
Thousand Creek, and to the Upper Miocene of the Santa Fé, 
the position of the Barstow fauna evidently falls within the Upper 
Miocene. The position of the Barstow stage with reference to 
other Miocene faunas of the Great Basin and adjacent regions is 
approximately as follows: 


Period Great Basin Province Ree Mean A Asia Europe 
Upper Blanco 
Pliocene Lignites of 
Casino 
Lower Thousand Creek Hipparion fauna | Hipparion 
Pliocene Rattlesnake Snake Creek of China and Siwa- | fauna of 
Ricardo liks in part Pikermi 
Barstow Santa Fé La Grive- 
Upper : 
Mi Saint Alban 
iocene ‘ 
Cedar Mountain 
Sansan 


Middle Mascall and Dis eigdine 
Miocene Virgin Valley i Sables de 
POrleanais 
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The Snake Creek fauna”* of western Nebraska shows some in- 
teresting resemblances to that of the Barstow. In the Equidae, 
which apparently furnish the best basis for comparison, the pres- 
ence of numerous representatives of Neohipparion, Protohippus, 
and Pliohippus gives an assemblage much more advanced than 
that of the Barstow, in which only one form is referred to a genus 
more advanced than Merychippus. On the other hand the pre- 
dominance in the Equidae of the Snake Creek fauna of forms of 
Merychippus near those making up the great bulk of the horses of 
the Barstow area suggests that the times of deposition of some 
portion of the Snake Creek and of the Barstow were not separated 
by a wide epoch. 

In the Carnivora the Snake Creek possesses an advanced ele- 
ment in certain Aelurodon species, which may not be much more 
progressive than some seen in the Barstow. With this element 
at Snake Creek are Tephrocyon species, near if not identical with 
those of the Barstow. : 

In the artiodactyls, Dromomeryx is represented in the two areas; 
Merycodus is represented by closely related forms in Snake Creek 
and Barstow; the relatively primitive Blastomeryx is known at 
Snake Creek, but not as yet in the Barstow; certain camels at 
Snake Creek are presumably somewhat more progressive; and the 
appearance of Neotragocerus is probably an advanced character of 
the Snake Creek assemblage. 

A part of the Snake Creek fauna is certainly more advanced than 
the Barstow, but connecting elements seem to indicate a shorter 
lapse of time between the Barstow and a portion of the Snake Creek 
than between the Barstow and Ricardo, as this part of the Snake 
Creek fauna though more widely removed geographically than the 
Ricardo is nearer to the Barstow in composition.”?® 


DESCRIPTION OF FAUNA © 


TESTUDINATA 


Testudinate remains are not uncommon in the Barstow beds, 
but usually consist only of small fragments. Two specimens repre- 


226 Matthew, W. D., and Cook, H. J., A Pliocene Fauna from Western Nebraska, Bull. 
Amer. Mus. Nat. Hist., vol. 26, pp. 361-414, 1909. 

22b See recent discussion of this question by W. D. Matthew, Contributions to the Snake 
Creek fauna, with notes upon the Pleistocene of Western Nebraska, American Museum 
Expedition of 1916, Bull. Amer. Mus. Nat. Hist., vol. 38, pp. 183-229, pls. 4-10, 1918. 


1134 PUBLISHED PAPERS AND ADDRESSES 


sent the greater part of the carapace and plastron, and a third 
shows important parts of both carapace and plastron. So far as 
known all of the material obtained represents land tortoises allied 
to the Recent genus Testudo. This group is represented in the 
Mohave area at the present time by the desert tortoise Gopherus 
agassizit. “Two of the Miocene specimens greatly exceed the living 
form in size. 


TESTUDO MOHAVENSE, Ni. Sp. 


Type specimen no. 21575, carapace nearly complete, plastron complete (figs. 
4a, 46); from the Barstow beds, Barstow syncline, Mohave Desert. Two indi- 
viduals, nos. 21573 and 21574, much larger than the type specimen, but resembling 
it in general structure, are tentatively referred to this species. 


The characters of this species approximate those of a group of 
Miocene species referred to the genus Testudo though the assem- 
blage of characters does not correspond to that in any of the known 
forms. In some respects, as in the nature of the epiplastral lip, 
it resembles the West American Oligocene genus Stylemys, but 
shows clearly a more advanced stage, which is comparable to that 
of Testudo. 

The carapace of the type specimen is 232 mm. long with a width 
of 196 mm. The plastron of the type is 222 mm. long. The more 
nearly complete of the two large specimens referred to this species 
is 317 mm. wide and the plastron is approximately 375 mm. long. 
The carapace of the type (fig. 4a) is truncated or concave an- 
teriorly. It is seen to be moderately arched in the type specimen, 
but distortion of the shell has made exact estimation of the form 
difficult. In the larger specimens the vault of the carapace is 
strongly arched. The plastron (fig. 44) is strongly notched pos- 
teriorly. The epiplastral lip is strongly developed superiorly, but 
is not clearly set off from the contour of the posterior portion of 
the anterior lobe of the plastron. The separation of the epiplastral 
lip is not more distinct than in Stylemys and not less marked than 
in certain Miocene species of Testudo, as in Testudo pansa. The 
anterior lobe of the plastron projects slightly beyond the anterior 
end of the carapace. The bridge between the plastron, and cara- 
pace extends from the anterior portion of the second costal to the 
anterior end of the sixth costal. The form and arrangement of the 
neural and costal plates are in general as in the Testudo group. 
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Neurals two and four are octagonal, three is tetragonal, five is 
hexagonal. Neurals three and five are both relatively small. 
Neurals six and seven are both hexagonal and of nearly the same 
size, number seven being slightly longer anteroposteriorly. Neural 
eight is relatively very small and tetragonal. The anterior supra- 
pygial is bifurcated, the posterior wings enclosing the cuneiform 
second suprapygial, and coming into contact with the lateral 
borders of the pygial. 

The costals from the second to the seventh show much variation 
between the width of the lateral and median ends. The variation 
in width between the ends represents the stage of specialization 
seen in Testudo and is more advanced than in the Oligocene 
Stylemys. 

Peculiarities in the form of the median series of plates appear in 
the small, anteroposteriorly-short, hexagonal neural five; in the 
relatively large size of numbers six and seven; in the small, narrow, 
tetragonal number eight; and in the contact of the bifid anterior 
suprapygial with the pygial. The modification in relative size of 
the fifth and sixth neurals is probably in part responsible for the 
position of the sulcus between the second and fourth vertebral 
scutes on the sixth neural instead of on the fifth where it is ordi- 
narily located. 

The distal ends of costals three and five are much narrowed and 
their proximal ends are in articulation with three neurals. Costals 
two and four are each in contact with one neural. Costal seven 
is not in contact with neural eight as costal eight wedges in be- 
tween it and the narrow anterior end of neural eight. 

The characters of the neurals and costals may be due in part to 
individual peculiarities, but are probably to a considerable degree 
diagnostic of the group. They are suggested in part in other 
American Tertiary forms, but do not appear in this combination 
in any other species. 

The large specimen, no. 21574 (fig. 5a), differs somewhat from 
the type specimen in form of the anterior neurals, but the differ- 
ences seem to be within the limits of individual variation. In 
no. 21574 neural one is wider than in the type specimen, and tends 
to be hexagonal. The second neural is also wider in the large 
specimen. Neural three is relatively large compared with the 
second, but is tetragonal, while number two is octagonal. The 
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third costal in the large specimen is much narrower distally than 
iameMe mayne: 

The peripherals on the free anterior and posterior borders of the 
type specimen have acute margins. On the anterior border they 
may be slightly flared. The middle of peripheral three is slightly 
behind the suture between costals one and two. 

The pygial plate is considerably wider on the inner than it is on 
the peripheral margin. Its inner border comes in contact with the 
distal posterior ends of the bifid first suprapygial. 

In the large specimen, no. 21574, the characters of the peripherals 
are essentially similar to those of the type. In specimen 21574 the 
peripherals forming the bridge are nearly vertical in position, with 
a moderate lateral angle. The bridge peripherals of the type may 
be similar to those of no. 21574, but are less satisfactorily pre- 
served. 

The peripherals are united with the costals by a union apparently 
consisting in each case of a process from the peripheral meeting the 
end of the costal. The end of the costal evidently passes the outer 
side of the process of the peripheral and fits into a pit on the periph- 
eral. 

The plastron projects considerably beyond the anterior end of 
the carapace in the type specimen and in the large individual no. 
21574. The anterior and posterior ends are both distinctly 
notched. 

The entoplastron is rhomboidal to hexagonal with an angle 
developed on each posterior border. The hypoplastral-xiphi- 
plastral suture is some distance behind the inguinal notch. 

The epiplastral lip is not clearly defined on the anterior border of 
the plastron, but the lip is strongly developed superiorly. The con- 
siderably thickened upper portion of the lip projects backward on 
the type specimen to a point immediately over or slightly posterior 
to the anterior end of the entoplastron as it appears on the inferior 
side of the plastron. On a portion of a large specimen, no. 21573 
(fig. 62), the same relations are observed, but the epiplastral bones 
overlap the entoplastron superiorly, so that the suture on the 
upperside) 1s) farther from theanterion ponder elaymene mitype 


specimen the anterior end of the inferior surface of the epiplas- 


tral region is nearly flat. In no. 21573 the anterior end is sharply 
curved upward (fig. 64). 


| 
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The sulci between dermal scutes of the type specimen are sharply 
impressed but do not have raised borders. The nuchal scute is 
considerably wider in the type specimen than in no. 21574. In 
the type, the sulcus between vertebral scutes three and four crosses 
the sixth instead of the fifth neural as in most species. 

On the plastron the humero-pectoral sulcus is well behind the 
posterior end of the entoplastron. The pectoral scutes have an 
antero-posterior diameter of 27 mm. on the median side as com- 
pared with a width of 49 mm. for the abdominal scutes. This is 


Fics. 64 anD 66. Testudo mohavense?, n. sp. Anterior portion of plastron, no. 21573, 
X %. Fig. 6a, dorsal view of plastron with section along median line; fig. 64, anterior view 
of lip of plastron. Barstow Miocene, Mohave Desert, California. 


an unusual width for pectoral scutes in Yestudo, or even in the 
more primitive Stylemys. 

The Barstow Miocene tortoises seem clearly more advanced than 
the Oligocene Sty/emys in specialization of the neurals and costals, 
and to some extent in the development or stage of advance of the 
epiplastral lip. 

The Barstow form seems in the nature of the epiplastral lip, in 
form of the entoplastron, in width of the pectoral scutes, and in the 
variations in width of the costals to be less specialized than some 
of the forms of Testudo. The stage of advance is approximately 
that of Miocene forms like Testudo pansa of the Pawnee Creek Mid- 
dle Miocene or TI. impensa of the Madison River Upper Miocene. 
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The Barstow form seems distinct from all of the described species. 
In view of the fact that Testudo undata and T. klettiana, described 
by Cope from the Miocene of New Mexico, are from beds pre- 
sumably near in age to the Barstow beds the possibility of identity 
of the species must be considered. TZ. klettiana is described as 
having a quadrate pygial entirely unlike that of the Barstow spe- 
cies, while 7. undata is a very large form. With the information 
available it is not possible to refer the Barstow specimens to either 
of Cope’s species from New Mexico. 


MEASUREMENTS 

No. 21575 No. 21574 
Carapace, length along median line... 232 mm. sae 
Carapace, greatest width............ a196 317 
Blastronyereates tenet hme ener 222 4315 

No. 21575 No. 21574 

Length Width Length Width 

INuchalabonessn vst ae eines $5 mite, 77 UD 90 
Neuralsbone is vvwk Sais a ee 28 18.2 48 39 
INeuraliboneg2 ay. hie ere i are 24.5 33 40 68 
INeuralibonesyaiy. ee eae 19.5 3D) oP a43 64.5 
Neuraliibonei4n i pein cwy eens ies 23.6 40.2 
INeuraliibonetoaaa vic te sche arene 16 25.8 
INeuralibonclOnaaee eer eee M7 oil 31.5 
INeuraliibones/eeicn nis atl svan chet 2S) 31.2 
INeuraliiboneGhyter nak ts cn necro eee 19 a14.4 
Anterior suprapygial bone........... 19 35 
Posterior suprapygial bone.......... ISoo) 25) oS 
INuchaliscutesaae ae sere Ceri ai10.2 29.8 26.5 18.2 
Werte braliscutei ley arise as Sean i nner AQ. 5 a59 83 OW) aS) 
Werte braliscutercae errant 45 62.5 81 a110 
Wentebrallscuters can ene eee 50 72 
Wertebraliscuter4 eee eee 46.2 57 
Wertebraliscuter nen ennere 45 
By cialgboneslengthheeer ae renoee ene 24.5 
Pygial bone, width inner............ 36.5 
Pygial bone, width outer............ a23 

No. 21575 No. 21574 

Width Width Width Width 
proximal distal proximal distal 

Costalébonenliataiie | ek thie eens ae LONI dy ») 
Costaltbones2: 3\.crees coon ee 14.2 mm. 45.8 32 93 
Costalvbone!3.6 2 Ae Aaa sale 32.6 16 56 15 
Costalbbone ae se yen Sane 14.2 45.5 31 79.5 
Costalitbone 15:95. ise ee ee alae 30 i 
Costalibones Osten seal ON acter oeceran 16 37 
Costalibone vie fitness 1967 


a, approximate 
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MEASUREMENTS—Continued 
Anteroposterior diameter on median line 


No. 21575 No. 21574 
E piplastral sim crmmn ihe byuny a ete 19.5 mm. ne 
Bintoplastrontepegts ci css sciy Mieieyis 44 73 
Fivoplastralseineny i. salto siee aiiuver pets 58624 93 
Ely poplastralsnt nants cits) Seton lela. 44.8 70 
aphiplastralseeweny jasimis wae yt 48.7 82 
Gularsscute winners eaten tests 35.6 Ap 
lumeraliscutents vaenaeie i mince Sod 74. 
Pectoraliscutemvss irate et aioe. 27 46.5 
Abdominaliscutenyan een 48.6 81.5 
Hemoraliscutesmerer ey ae on etae 35 46.5 
ANITA SCLC cre Wee lo ee a 28 50 
AVES 


Very fragmentary remains of birds from the Barstow beds are 
determined by Dr. L. H. Miller as follows: 

Tarsometatarsus of buteonid hawk, as nearly as determinable. 
Size larger than Buteo borealis, locality 2056; tibiotarsus, unmis- 
takably Buteo, but size between B. borealis and B. swainsoni, local- 
ity 2061; femur, too fragmentary for determination, may belong 
with preceding, locality 2061. 


CARNIVORA 
CANID (CANIS?), sp. small 


A fragment of a mandible, no. 19463, represents a small canid 
form evidently quite distinct from the 4elurodon and Tephrocyon 
species to which reference is made below. The mandible (fig. 9, 
p. 1143) is small and slender, representing a form about as large as 
a fox. ‘The dentition is not preserved. 


TEPHROCYON, near TEMERARIUS (Leidy) 


The typical material of this species consisted of a piece of a 
lower jaw containing the carnassial tooth, and a portion of an upper 
jaw with two teeth both badly preserved. This material was ob- 
tained by Dr. Hayden from the Niobrara sands. The horizon is 
presumably Upper Miocene. The lower jaw and M, figured by 
Leidy?? show form and dimensions closely similar to those of a 
specimen obtained by Peterson** from beds at Whistle Creek, 
Nebraska, possibly belonging to late Miocene or Pliocene deposits. 


23 Leidy, J., Jour. Acad. Nat. Sci. Phila., ser. 2, vol. 7, pl. 1, fig. 12, 1869. 
4 Peterson, O. A., Mem. Carneg. Mus., vol. 4, p. 268, 1910. 
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A portion of a lower jaw, no. 19402, with P; to My, inclusive, 
from the Barstow beds of the Mohave region, California, very 
closely resembles the type of Leidy’s Canis temerarius from the Ne- 
braska formation and also resembles the specimen from Whistle 
Creek, Nebraska, referred to this species by Peterson.22 My, of 
the Mohave specimen very nearly approaches in form and dimen- 
sions the original figured specimen of Canis temerarius Leidy, and 
the Mohave species is almost identical in form and dimensions with 
the corresponding parts of the specimen described by Peterson. 

The specimen from the Barstow beds (fig. 7) represents a species 
of Lephrocyon dittering slightly from those thus far known in the 
Great Basin region. The relationship of this form to the genus 


Fic. 7. Tephrocyon, near temerarius (Leidy). A portion of the mandible with dentition 
shown in superior and lateral views. No. 19402, natural size. Barstow Miocene, Mohave 
Desert, California. 


Tephrocyon 1s shown in the large size of the metaconid and of the 
crushing heel of M,, and in the presence of a well developed para- 
conid with a large antero-external shelf on the cingulum of Mg. 

The Barstow form is very close to the typical I. ¢emerarius but 
may be separated by subspecific or specific characters when better 
known. In the Mohave form My seems a little heavier than in 
Leidy’s type. 

The Mohave form is distinguished from Tephrocyon rurestris and 
T. hippophagus by the smaller, more slender teeth. From 7. ke/- 
loggi it differs in the relatively larger Mi, smaller M2, and smaller 
metaconid in M;. My, in the Barstow specimen measures 17 mm. 
in anteroposterior diameter as compared with 9 mm. in antero- 


25 See comparison in Notes on the Canid Genus Tephrocyon, J. C. Merriam, Univ. Calif. 


Publ., Bull. Dept. Geol., vol. 7, pp. 366-367, 1913. 
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posterior diameter in Mp. In 7. kellogg: the anteroposterior diam- 
eter of M, is 15 mm.; of M2, 10.5 mm. There is a small hypo- 
conulid on the heel of M, in the Barstow specimen, while in the 
type of 7. kelloggi this tubercle is not suggested. The heel of Mz 
seems somewhat shorter than in 7. kelloggi. 

P, and P; both possess a posterior cusp and a posterior basal 
tubercle. P, shows a small anterior basal tubercle. The anterior 
side of P; is not preserved. 

Several specimens of mandibles slightly larger than no. 19402 
represent a Tephrocyon species from the Barstow beds very near 
TY. temerarius. It is possible that they belong to another species, 


Fic. 8. Tephrocyon, near rurestris (Condon). M! and M2, no. 21512, occlusal view, 
natural size. Barstow Miocene, Mohave Desert, California. 

Fic. 9. Canid, sp. small. Fragment of mandible, no. 19463, lateral and dorsal views, 
X 3. Barstow Miocene, Mohave Desert, California. 


but age and sex are presumably competent to account for the differ- 
ences. 

A portion of an upper jaw, no. 21512, with M! and M? imper- 
fectly preserved (fig. 8) shows a form of molar teeth near that in 
7. rurestris, the type species of Tephrocyon. A portion of an upper 
jaw, no. 21513, with fragments of the premolars also suggests the 
characters of Tephrocyon. 


AELURODON, near WHEELERIANUS Cope 


Several mandibles in the collection from the Barstow repre- 
sent large, heavy-jawed canids of the 4elurodon type (figs. 10 and 
11). Unfortunately no one of the several specimens shows the 
dentition well enough to permit a fully satisfactory comparison 
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with the described material. In general the characters of these 
specimens are, however, quite close to those of 4. wheelerianus 
described by Cope from the Upper Miocene of the Santa Fé region. 

In forms of the types seen in no. 19398 (fig. 10) the mandible is 
very thick and massive; the heavy teeth are closely spaced, with a 
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Fic. 10. Aelurodon, near wheelerianus Cope. Mandible, no. 19398, lateral and superior 
views, X 3. Barstow Miocene, Mohave Desert, California. 

Fic. 11. Aelurodon, near wheelerianus Cope. Mandible, no. 21231, lateral and superior 
views, X 3. Barstow Miocene, Mohave Desert, California. 


tendency to be set transverse to the long axis of the jaw, there is 
almost no diastema, the roots of the premolars are very thick, and 
Mp 1s relatively small. Especially noticeable is the very massive 
character of the ramus, which has nearly twice the bulk of that in 
a timber wolf with a cheek-tooth series of approximately the same 
anteroposterior diameter. 
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MEASUREMENTS 

A. wheeler- No. 19455 Canis pam- 

jianus type Barstow basileus 
Length, anterior side P; to posterior side M3......... OH mim, ES 92.7 
Mimranteropostenonidiameten me unre i ern ier 28 28.4 28 
NEW allterapostenondlame ten ni eren an een ysis e 12 10.3 3 74 
DepthkotawibelowsMogune apr ssc asses atte sts oiaielair 35 435.5 30 
Greatest thickness of jaw below Mz................. 17 18 ile? 


a, approximate. 


The larger part of a mandible with imperfect dentition, no. 21231 
(fig. 11), shows a form in which the mandible is thick inferiorly, 
but thinner above than in the common 4elurodon of the Barstow 
fauna. M4), is considerably larger than in the common form. This 
species resembles the typical 4elurodon wheelerianus in many ways, 
and the distinctive characters of the specimen may be due merely 
to individual variation, or they may indicate a species distinct from 
that represented by no. 19398. 


MEeEAsuREMENTS OF No. 21231 


Length, anterior side of inferior canine to posterior side My.......... 938 mm. 
Beng thvoislowerpremolatesericswan nae err er erie ine a52 
Inferior canine, anteroposterior diameter at base................... a24.7 

FA, UNGAR OOTY? GCHEVTMAKS) dons casedodoodnoasonododonsdnaadodc ai3 
Mimanitenopostemotudiame ten spen nnn neni anit lanl i diye yere ve wee 25.8 
Mimtransverserdlame teninv by walne oe tain tiem he dnt hota Vekatae ate it 11.9 
IMEManteLoposteniondiame telyamnene cme ae anne eras ata ai3 
Meatransvierserdiaimete ney arin tnuan mi dmteromy tal Cece ie tata oosle) sya. ho Dos 


a, approximate. 


AELURODON, DINOCYON, OF AMPHICYON, SP). 


A portion of a very large, much-weathered lower jaw, no. 21224, 
with the base of the canine represents a form much larger than 
Aelurodon wheelerianus. It may represent an delurodon, an Amphic- 
yon, or a Dinocyon species. ‘The space for incisors is small. The 
alveolus for P, is very small. 


CANID SKELETAL ELEMENTS, indet. 


A number of scattered skeletal elements representing forms of 
the canid type have been obtained in the Barstow. Noteworthy 
among the canid skeletal remains are a number of phalangeal ele- 
ments which are considerably heavier than those of the typical 
wolves. A second and fifth metapodial of the anterior extremities 
(figs. 12a, 126) represent this type. The short-headed, heavy- 


jawed tephrocyons and aelurodons of the Barstow fauna were 


Kies. 12¢ anp 12. Canid, indet. Second metacarpal?, no. 19469, X 3. Fig. 12a 
anterior view; fig. 124, median view. Barstow Miocene, Mohave Desert, California. 

Fic. 13. Canid, indet. Humerus, no. 19468, anterior view, X 3. Barstow Miocene, 
Mohave Desert, California. 

Fic. 14. Canid, indet. Astragalus, no. 19469, tibial view, X 3. Barstow Miocene, Mo- 
have Desert, California. 

Fic. 15. Canid, indet. Astragalus, no. 23119, tibial view, X 3. Barstow Miocene, Mo- 
have Desert, California. 

Fic. 16. Canid,indet. Calcaneum, no. 23120, X 4. Barstow Miocene, Mohave Desert, 
California. 

Fics. 172 to 17d. Canid, indet. Tibia, no. 19470, X }. Fig. 17a, anterior view; fig. 
174, view of proximal end; fig. 17c, lateral view; fig. 17d, posterior view. Barstow Miocene, 
Mohave Desert, California. 
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presumably heavy-limbed, and it may be that the specimens before 
us represent one of these forms. 

A humerus (no. 19468, fig. 13) from the Barstow shows in gen- 
eral the characters of this element in the canids, but is distinguished 
by the presence of an entepicondylar foramen. 

A small, long-necked astragalus (no. 19469, fig. 14) resembles an 
astragalus from the Middle Miocene of Virgin Valley, and is pos- 
sible with the Virgin Valley form to be referred to Tephrocyon. 

A complete tibia and the distal end of a femur of the same ani- 
mal represent a canid form presumably about as large as a coyote. 
The distal portion of the femur is much heavier than in the coyote, 
but the shaft is more slender than in a greyhound specimen before 
the writer. The tubercle situated on the outer border of the pop- 
liteal surface is relatively about as prominent as in the coyote, but 
is relatively larger than in the greyhound. 

The tibia (fig. 172) has approximately the length of that in the 
coyote, but is much heavier, the increased bulk being particularly 
noticeable in the proximal half. The proximal end (fig. 174) is 
much wider across the condyle than in the coyote; the heavy cne- 
mial crest does not end distinctly above the middle of the shaft, 
but extends downward as a well marked ridge into the lower third 
of the shaft where it gradually fades. This character of the crest 
gives to the lateral view (fig. 17c) of the tibia quite a different out- 
line from a similar view of the tibia of the coyote or of the grey- 
hound. In the postero-superior region of the tibia the interosseous 
ridge is sharply marked, but the internal border is gently rounded 
instead of sharply angular as in the coyote and greyhound. The 
popliteal line arises on the inner or medial side of the popliteal 
notch instead of on the outer side as in the greyhound and coyote. 
The posterior side of the shaft is relatively narrow and less dis- 
tinctly flattened than the coyote and greyhound. 


MACHAERODONT, Sp. A 


The distal ends of several humeri belong to felid forms about as 
large as the Recent puma, and may represent one of the machaero- 
dont forms described below. It is not possible to determine with 
certainty the genus to which they belong. On one specimen, 
no. 19465, there is a deep fossa on the anterior side (fig. 18) laterad 
of the entepicondylar foramen. ‘The depression is evidently formed 
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Fics. 18 To 25 represent felid forms from Barstow Miocene, Mohave Desert, California, 
DK Bo. 

Fic. 18, Machaerodont, sp. A, Distal portion of humerus, no. 19465; fig. 19, Machaero- 
dont, sp. B, fragment of distal end of humerus, no. 21223, anterior view; fig. 20, Machaero- 
dont, sp. C, ulna, no. 21352; fig. 21, Machaerodont, sp. C, femur, no. 21352, posterior view; 
figs. 224 and 226, Machaerodont, indet., metacarpal 5, no. 19466, fig. 22a, anterior view, fig. 
22, median view; fig. 23, Machaerodont?, indet., metacarpal 1, no. 21515, anterior view; 
figs. 24a and 246, Aelurodon?, or Felid?, indet., metacarpal 5, no. 19399, fig. 24a, anterior 
view, fig. 246, median view; fig. 25, Felid, possibly feline, indet., radius, no. 23121, anterior 
view. 
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to accommodate the coronoid process of the ulna, and suggests 
frequent extreme pronation of this extremity. 


MACHAERODONT, Sp. B 


A second type of humerus represented by no. 21223 (fig. 19) 
belongs to a much larger cat, probably a machaerodont. 


MACHAERODONT, Sp. C 


A third type is represented by a portion of a gigantic ulna and 
femur, no. 21352 (figs. 20 and 21). This material evidently indi- 
cates a machaerodont form at least as large as the Pleistocene 


Smilodon of Rancho La Brea. 


MACHAERODONT, indet. 


A number of other loose limb elements are evidently to be re- 
ferred to some of the types distinguished above. Several felid 
metapodials represent a machaerodont cat about as large as a 
puma. Among them is a metapodial five of the anterior limb, no. 
19466 (figs. 22a, 224), a moderately heavy element. The type of 
a foot represented by this phalanx seems heavier than in Dinictis, 
and a little less massive than in Smilodon. No. 21515 (fig. 23) 
possibly belongs to the same species. No. 19399 (figs. 24a, 244) 
represents a smaller form of heavy metapodial possibly representing 
Aelurodon. 

It is evident from the limb material present that at least three 
types of large cats were present in the Barstow fauna. 


FELID?, indet. 


The posterior end of a mandible, no. 21571 (figs. 264 and 264), 
is from a form approximating the size of the Recent African lion, 
and would seem to have feline rather than machaerodine characters 
if it represents the cats. The angle is separated by a considerable 
distance from the condyle. It protrudes well behind the condyle, 
and is situated almost immediately below the base of the coronoid 
process. These characters generally distinguish the feline type 
from the more specialized machaerodine forms, in which the angle 
is nearer the condyle, does not project markedly behind the con- 
dyle, and is situated beneath the outer end of the condyle some 
distance laterad of the base of the coronoid process. 
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PSEUDAELURUS, Sp. 


A portion of a lower Jaw without teeth (no. 21516, fig. 27) from 
the Barstow beds represents a cat of the Pseudaelurus type not 
differing greatly from P. intrepidus of the Upper Miocene Nebraska 
beds. The Barstow specimen approaches the type specimen of 
P. intrepidus in dimensions and in proportions of teeth and Jaw, 


Fic. 264 and 26d. Felid?, indet. Posterior end of mandible, no. 21571, X 3. Fig. 26a, 
posterior view; fig. 264, inner view. Barstow Miocene, Mohave Desert, California. 

Fic. 27. Pseudaelurus, sp. Mandible, lateral and dorsal views, no. 21516, X 4. Bar- 
stow Miocene, Mohave Desert, California. 


but seems slightly heavier. The California form possibly repre- 
sents a distinct species, but this is not clearly demonstrated by the 
available material. 


MEASUREMENTS 
P. intrepi- 
No. 21516 dus type 
Height of mandible below anterior end of Py................ 25.8 mm. W083 
Greatest thickness of mandible below anterior end of P4...... 12.5 WS 
Approximate length, posterior border P, to posterior border 
INMFEHIOFNCANIME Hae EEG MMS Nica cea. eas a So a 39.5 40.3 


Of the Old World forms Pseudaelurus quadridentatus from the 
Miocene of Sansan is apparently as near to the Barstow form as 
any of the described species. The forms from Pikermi recently 
referred to a new genus, Paramacherodus, by Pilgrim are distin- 
guished by the more prominent anteroinferior angle of the man- 
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dible. This is also true of the Paramacherodus specimens from the 
Middle Siwaliks of India. Stzvaelurus of the lower Siwaliks shows 
less prominence of the anteroinferior angle, as in the California 
Pseudaelurus, but one might suspect that the third inferior pre- 
molar is relatively smaller and that the form of the jaw is not 
identical in the two types. Lydekker’s specimen of /elurogale 
sivalensis described from the Siwaliks of the Punjab® shows rather 
more resemblance to the Barstow form, but Lydekker’s specimen 
is referred by Pilgrim to the genus Paramachaerodus. 


RoDENTIA 
LEPUS?, sp. 


A few fragmentary remains, no. 21232, from locality 2056, repre- 
sent a rabbit-like form from the Barstow beds. An astragalus 
from locality 1396 is similar to that of Lepus. 


PROBOSCIDEA 
TETRABELODON?, sp. 


Numerous fragmentary remains of proboscideans have been 
found in the Barstow fauna, but in general they indicate nothing 
more than the presence of a large Tetrabelodon-like form with 
somewhat advanced cheek-teeth on which the enamel may have a 
thickness of 8 mm. or more. On one specimen there is a trace of 
enamel on the tusk. 


EQUIDAE 


Remains of forms representing the Equidae are the most abun- 
dant fossils in the exposures of the Barstow syncline. Especially at 
one horizon, known as the Merychippus bed, in the upper portion 
of the section referred to by Baker?’ as the Fossiliferous Tuff mem- 
ber, scattered bone fragments and teeth are common. At least 
five species are known, two anchithertine and three protohippine 
forms. The brachyodont forms comprise a large species of Hypo- 
hippus, possibly of the subgenus Drymohippus,?* recently described 
from the Tertiary beds near Mina in southwestern Nevada, and a 
smaller form near Parahippus.2® The protohippine forms include 

26 Lydekker, R., Mem. Geol. Surv. India, ser. 10, vol. 2, pl. 44, figs. 7 and 7a, 1884. 

27 Baker, C. L., Univ. Calif. Publ., Bull. Dept. Geol., vol. 6, p. 346, 1911. 


8 Merriam, J. C., Univ. Calif. Publ., Bull. Dept. Geol., vol. 7, p. 420, 1913. 
29 [bid., p. 427, 1913. 
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advanced species of Merychippus and a form presumably near 
Protohippus. 

The brachyodont horses are very rare. A single jaw fragment of 
Hypohippus is known, and the number of skeletal elements referred 
to this group is relatively very small. Of the Parahippus-like form 
only two specimens are known, one representing the upper, the 
other the lower, dentition. The collections of horse specimens from 
the Barstow syncline consist mainly of Merychippus, with a small 
percentage of more advanced forms evidently close to Protohippus. 


HYPOHIPPUS, near AFFINIS (Leidy) 


This genus is represented in the collections from the Barstow 
syncline by a fragment of a lower jaw with M; and M: from locality 
2060, a fragment of an upper molar from locality 2058, and a few 
limb bones from localities 1398 and 2056. 


Fic. 28. Hypohippus, near affinis Leidy. My and Mg, no, 21215, natural size. Barstow 
Miocene, Mohave Desert, California. 


The molars (fig. 28) in the lower jaw fragment, no. 21215, repre- 
sent a very large species comparable in size to Hypohippus affinis of 
the Upper Miocene in the Great Plains region, or approximately 
comparable with H. nevadensis of the Stewart Valley beds in south- 
western Nevada. Unfortunately the lower teeth of A. nevadensis 
of the Stewart Valley beds in southwestern Nevada are not cer- 
tainly known. The dimensions correspond very closely with teeth 
from the Upper Miocene of Big Spring Cafion, South Dakota, de- 
scribed by Matthew and Gidley.*? This species seems very near 


30 Matthew, W. D., and Gidley, J. W., Bull. Am. Mus. Nat. Hist., vol. 22, p. 135, fig. 1, 
1906. 
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H. affinis, but is possibly to be referred to H. nevadensis from an 
adjacent area. Were it not that the milk dentition of both H. 
affinis and Hl. nevadensis are known, it would be difficult to find 
means of separating the Nevada species from H. affinis. 

A fragmentary upper molar, no. 21214, shows no characters more 


than that it is a large species of Hypohippus. 


MEASUREMENTS OF No. 21215 


Nia pproxiinateiantero postenonm diameters eaaeeer ee ere neiias 28.2 mm. 
Mim oredtestacransverserdiainetengmcn yyy cra ye ismeiey sa pe tira ae pal 20 

IMby, avaaSROONREH OL? GHENTTNEBSP, ogagosboavedcoockaaeseoseoueaaedadadc DONS 

Mb, CATSAUENE TEMOVCMRS GHATNSHAR, ood dioobocoaobadooousoodocuscuout 17.4 

Mo wheiehtoncrownratmiddleyoffocclusal faces... 4945). dan aoe ORS 


A number of phalanges of digit three, the distal end of a meta- 
podial, several astragali, and a calcaneum from the Barstow col- 
lections apparently represent Hypohippus. 


FZ 


29 
Fic. 29. Hypohippus, near affinis (Leidy). Phalanges 1 and 2, no. 21216, X 3. Barstow 
Miocene, Mohave Desert, California. 
Fic. 30. Hypohippus, near affinis (Leidy). Phalanx 1, no. 21211, X 3. Barstow Mio- 
cene, Mohave Desert, California. 
Fic. 31. Hypohippus, near affinis (Leidy). Astragalus, no. 21467, X 4. Barstow Mio- 
cene, Mohave Desert, California. 


The phalanges (figs. 29 and 30) are larger and relatively much 
wider or flatter than those of members of the Merychippus group. 
In the proximal phalanges of the third digit, the median groove for 
the distal keel of the metapodial is limited to the posterior region of 
the articular face. 

A portion of a large, low, wide hoof, no. 21468, evidently repre- 
sents Hypohippus. 

A number of large astragali (fig. 31) show the wide and relatively 
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shallow trochlea distinguishing this genus from Merychippus, in 
which the groove is narrower, deeper, and relatively sharper. A 
very large calcaneum evidently represents Hypohippus. 

Judging from the size of the limb elements Hypohippus furnished 
the largest members of the Equidae of the Barstow fauna. 


MEASUREMENTS 

Phalanx 1, digit III, no. 21216 

Greatest length ii. csp Gen teen aude: case) it see Uae 49.3 mm. 

(CireeNKece jarcorshoowlll WAGlNe so 40000da000050000000000000000000008 40.7 
Phalanx 2, digit III, no. 21466 

Greatest length ein hut ak sini ae iat evan eps A Ue Na toy ta ee 30 

Greatest: proximaliwidthi ane ac caacce AOC ay eee oe 43 
Astragalus, no. 21467 

Greatestilengthe 270i ceiiareicond cite ara vielh oth canta as ene lene ae ae 54.5 

Least’ widthacrossitrochleas 0st, btn EN Sar age enn ve aren 41 
Calcaneum, no. 21465 

Greatestlenotheey venieiedenachee eee hak IE Tice tee oe ae 106 


The proximal end of a very large metacarpal III (no. 21406, 
locality 2056, fig. 32) differs from the type of the Merychippus-like 


Fic. 32. Hypohippus?. Proximal end of metacarpal 3, no. 21406, X 4. Barstow Mio- 
cene, Mohave Desert, California. 


forms of the Barstow fauna and may represent Hypohippus. In 
addition to difference in size the large form is distinguished by 
greater width of the proximal face and by an anteroposteriorly 
longer unciform facet. One objection to referring it to Hypo- 
hippus is the fact that it is associated with the distal end of a 
metapodial quite unlike the better known forms of Hypohippus 
in possessing a complete distal keel. 
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Several relatively large proximal ends of metatarsal IV differ 
from the common specimens evidently representing Merychippus 
in the Barstow fauna, and are presumably to be referred to Hypo- 
hippus. ‘These metapodials are distinguished from metatarsal IV 
specimens referred to Merychippus in much larger size, relatively 
wider cuboid facet, position of the median facet for contact with the 
metatarsal III more nearly transverse to the plane of lateral com- 
pression of the bone, and in apparent absence of a posterior facet 
for articulation with metatarsal III. 


PARAHIPPUS!? MOURNINGI Merriam 


Parahippus mourningi Merriam, J. C., Univ. Calif. Publ., Bull. Dept. Geol., 
vol. 7, p. 427, 1913. 


A portion of a lower jaw with dentition (fig. 33) obtained by Mr. 
Baker in 1911 has been described by the writer as Parahippus 


Fic. 33. Parahippus? mourningi Merriam. P3 to Ma, no. 19764, natural size. Barstow 
Miocene, Mohave Desert, California. 


mourningi, a horse with characters near Parahippus and Hypo- 
hippus, but with size and stage of evolution near Archaeohippus. 
The specimen differed, however, from the only lower jaw material 
referred to Archaeohippus in several characters, and especially in 
the absence of the strong internal cingulum shown on teeth referred 
to Archaeohippus by Gidley. In January, 1913, a second speci- 
men, a maxillary (fig. 34) with Dm’, Dm‘, and M!, representing a 
very small brachyodont horse, was obtained in the Mohave region 
by Buwalda and Mourning. An approximation of the dimensions 
of the cheek-tooth series, as well as a comparison of individual 
teeth, shows that the upper and lower jaw specimens represent 
animals of very nearly the same size. The similarity of dimen- 
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sions, considered with similarity of relationship to other forms and 
similarity of occurrence, leaves little room for doubt that the two 
jaws represent the same species. 

In the specimen representing the upper jaw, the well-preserved, 
unworn, inner portion of M! shows the metaloph fully united with 
the ectoloph. The protoconule is distinctly separate from the 
protocone; it is considerably elongated and flattened and its inner 
end overlaps the protocone. The hypostyle is larger than in Hypo- 
hippus and Archaeohippus, and there is a more distinct cuplike de- 
pression behind it. There is no suggestion of a crochet, though 
several plate-like projections arise from the anterior side of the 
outer end of the metaloph. The cingulum is well developed on 
the posterior side, and less distinctly on the anterior side between 


Fic. 34. Parahippus? mourningi Merriam. Dm’, Dm‘, and M!, no. 19840, X 13. Bar- 
stow Miocene, Mohave Desert, California. 

Fic. 35. Archaeohippus ultimus (Cope). Upper molar, no. 1689, X 13. Mascall Middle 
Miocene, John Day Region, Oregon. 


the protocone and protoconule. There is no shelf of the cingulum 
on the inner or lingual side of the tooth. The cusps or ridges of the 
crown are somewhat higher than in Archaeohippus or in Hypo- 
hippus. The surface shows a degree of rugosity more pronounced 
than seems characteristic of Hypohippus or of Archaeohippus. 
No trace of cement is evident upon the crown. 

The crowns of the milk molars of the Barstow specimen were 
apparently somewhat shorter and slightly rougher than those of 
the permanent molars. As in the permanent dentition, the milk 
molars show the metaloph connected with the ectoloph, there 1s no 
internal or lingual shelf of the cingulum, and the hypostyle is large. 
A P? from the Mascall Miocene, considered by Gidley to represent 
Archaeohippus, difters from the milk molars of the Barstow speci- 
men in showing much greater development of the longitudinal ribs 
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on the outer side of the paracone and metacone. ‘There is a very 
faint longitudinal rib on the outer face of the paracone in Dmé 
of the Barstow specimen. A longitudinal rib is barely perceptible 
on the outer side of the metacone of this tooth. 


MEASUREMENTS 
Archaeo- Archaeo- 
hippus hippus 
ultimus ultimus 
No. 19840 Type specimen No. 1689 
Dm, greatest anteroposterior diameter...... 13. mm. 128 7 
ID) mescransverserdiametere asa anne 13.8 123 116) 
Dm‘, greatest anteroposterior diameter...... Sif Bie 13 
Dinewtransverserdiametennaenn mene alae ahs a14.5 1s M7 
M1}, anteroposterior diameter measured along 
eMOKALS OEM sacoddoodsocuumuoEd odie « 13.7 ye aL 
M!, approximate transverse diameter 
measured along anterior border........... a6 M! 15 
M3, anteroposterior diameter measured along 
pKGlallS CL GROWFeboolsoscasacssagouaddouk a 11 11 
M$, transverse diameter along anterior 
bord eryernier ee nun ees tiey Mole T sash neta alee ae vhNes. 14 14.8 


a, approximate. 


In the lower jaw specimen, no. 19764 (fig. 33), the cheek-teeth 
are brachyodont, without evidence of cement covering. The 
crowns of the molars and premolars are slightly rugose, and tend 
to be somewhat higher than in the average Hypohippus. Ps 1s 
considerably larger than M, in both anteroposterior and transverse 
diameter. The metaconid and metastylid show a distinct tendency 
to separate at the summit, the separation being more marked than 
in typical Hypohippus, and less advanced than in typical Para- 
hippus. The entostylid is well developed. The cingulum is well 
shown on the anterior and posterior sides of the crown, but shows 
no distinct shelf on the outer and inner sides. 

The dentition of specimen 19764 differs from the lower teeth 
referred to Archaeohippus by Gidley in the absence of external and 
internal cingula, and apparently also in the proportions of the 
premolars. 

The form represented by the lower jaw, no. 19764, shows a gen- 
eral resemblance to Hypohippus, but differs in its slightly higher 
and more rugose crowns, more clearly marked incipient separation 
of metaconid and metastylid columns, and absence of external 
basal cingulum. 

This form differs from typical Parahippus in the very weak sepa- 
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ration of the metaconid and metastylid columns, and in the ab- 
sence of cement from the crowns. ‘The separation of metaconid 
and metastylid in no. 19764 shows but little advance beyond the 
stage seen in the dentition of a Hypohippus specimen from Virgin 
Valley. In none of the cheek-teeth of no. 19764 are metaconid and 
metastylid pillars separated on the inner side by more than a faint 
groove at the summit. 


MEASUREMENTS 
Archaeohippus 
ultimus 

No. 19764 No. 1700 
Length, anterior side of Ps to posterior side of Mzg........... 60 mm. My 
Po) approximate anteropostentonmdiameter yeaa nena 16 1HLNS 
P;, approximate anteroposterior diameter.................. 15.8 12 
Bytransvetse diameter actossihy,poconida as sehen een 10.5 9.8 
baypanteropostenionialameter en er ene eee eee 15 
Pa thansvetseldiaimc tela cossiny, po cOnidsn heen ea er 10.5 
Mrigreatestanteropostenionmdiameteras en brie is ene 13.6 
Misitransverserdiame teria ctosssptococonidunne nn anne rnre 9 
Mp eteatestianteroposteriotalameter ee meen ene 13.6 
Me, transverse diameter across protoconid.................. 8.5 


The upper and lower jaw specimens (nos. 19840 and 19764) from 
the Barstow resemble each other in a number of important par- 
ticulars. Their similarity in structure and their occurrence in the 
same region gave a reasonable assurance that they represent the 
same type. The two specimens show similarity in the following 
characters: (1) height of tooth crowns; (2) rugosity of enamel; 
(3) absence of cingulum on the protocone side; (4) stage of develop- 
ment, as seen in separation of metaconid and metastylid, in increase 
of size and compression ‘of the protoconule, in complication of the 
metaloph, and in increase of size in hypostyle. The stage of evolu- 
tion in the two specimens shows about equal advance beyond the 
dentition of the Hypohippus. 

The Barstow type represented by specimens nos. 19840 and 19764 
is evidently related to Parahippus in most characters, though dis- 
tant from the typical form. The absence of a crochet in the upper 
teeth, and the very slight separation of metaconid and metastylid 
columns in the lower teeth, indicate a relatively undeveloped stage. 
Whether this form is too primitive to be included in Parahippus 
will be determined more clearly when better material is available 


for study. 
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Some significance may attach to the fact that this form, having a 
certain resemblance to Parahippus, but being relatively primitive, 
occurs in strata which were presumably deposited in a later period 
than the time of maximum development of the genus Parahippus. 
On the other hand, the Barstow form, being somewhat more ad- 
vanced than Archaeohippus in most respects, and occurring in 
strata presumably younger, might be considered a product of 
modification from Archaeohippus. It is interesting to note that 
in the development of the crochet, in which one would expect 
advance, the Mohave form is more primitive than the Middle 
Miocene Archaeohippus. 

The form represented by Parahippus? mourningi might be as- 
signed tentatively to a place with Archaeohippus, as an advanced 
stage with protoconule and hypostyle more progressive, cingulum 
of the protocone side absent and complication of the metaloph not 
more advanced. It might be referred to Parahippus, as a primi- 
tive stage with crochet undeveloped, though the metaloph shows 
secondary folding, and with metaconid and metastylid in begin- 
ning separation. Its reference to one of the described genera de- 
pends somewhat upon the extent to which the limits of these groups 
may be expanded by later studies. A reference to Parahippus is 
apparently open to fewer definite objections than a reference to 
Archaeohippus. 


MERYCHIPPUS Leidy 


The remains of Merychippus are much the most common fossils 
throughout the Barstow wherever it has been examined. In the 
uppermost or Fossiliferous Tuff member of the Barstow syncline, 
mammalian remains are relatively much more abundant than in 
the other portions of the beds and Merychippus is the most common 
form. One zone, in which bones of this form were especially 
abundant was known in the field as the Merychippus bed. Accord- 
ing to Baker, this stratum could be traced for a considerable dis- 
tance. The presumption is that the Merychippus bed represents a 
deposit formed with unusual slowness, and possibly at a time when 
conditions bringing retardation of accumulation made the region 
an especially favorable habitat for animal life. 

The Merychippus forms found in the Barstow seem to differ 
from the species of the Mascall and Virgin Valley, and also from 
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all of the species in the Ricardo fauna. The Barstow forms are all 
more progressive than those of the Mascall stage, and with one 
possible exception they are all less progressive than the species of 
the Ricardo. Whatever be the ultimate position of these three 
faunal zones with reference to the palaeontologic or geologic scale 
in other regions, there seems no doubt that the horses of the Bar- 
stow fauna represent a stage intermediate in time between the 
Mascall Middle Miocene preceding and the Ricardo following. 

Upper Cheek-Teeth—TYhe numerous Merychippus-like speci- 
mens from the Barstow fauna resemble Merychippus calamarius 
(Cope) in many respects, but show a wide range of variation in the 
characters of the upper cheek-teeth. These teeth vary between 
small forms with discrete protocone and complex enamel folds 
bordering the fossettes on the one hand; and large long-crowned 
forms with wide, simple fossettes, and protocone connected with the 
protoconule. The largest specimens are somewhat larger than the 
type of Merychippus calamarius, the smaller ones are considerably 
smaller. The difference in structure between the large and small 
forms may amount to more than specific distinction as ordinarily 
interpreted. It is comparable in general to the difference between 
the genera Merychippus and Protohippus, but the gradations be- 
tween the forms are such that with the available material the 
writer finds it difficult to separate distinct groups of more than 
specific rank. 

The largest form is separated as a species distinguished from 
Merychippus calamarius and approaching Protohippus. It has 
been described as Merychippus (Protohippus) intermontanus*! (figs. 
36 to 40). This species is characterized by relatively large size; 
long tooth crowns; curved, heavily cemented upper cheek-teeth 
with protocone uniting with protoconule, and with relatively simple 
enamel walls bordering the fossettes. 

A small type has been set off as Merychippus sumani.” It is 
distinguished (figs. 41 and 42) by relatively small size and curved, 
well cemented, upper cheek-teeth with protocone tending to circu- 
lar cross-section even in advanced stage of wear, and with rela- 
tively complicated enamel folds bordering the fossettes. 

After separation of M. sumani and the large species included in 


31 Merriam, J. C., Univ. Calif. Publ., Bull. Dept. Geol., vol. 9, pp. 50-51, 1915. 
% [bid., pp. 49-50, fig. 1, 1915. 
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Merychippus intermontanus there remains a type to some extent 
intermediate between these two and closely approaching typical 
M. calamarius (Cope), though the specimens seem rarely if ever to 
correspond exactly to the characters of that species as shown in 
Cope’s type specimen. This form is described below as M. cala- 
marius stylodontus. It is characterized (figs. 43 to 45) by relatively 
large size, approaching that of M. intermontanus, simple protocone 


Fic. 40. Merychippus intermontanus? Merriam. M! and M?, no. 21409, natural size. 
Barstow Miocene, Mohave Desert, California. 

Fic. 42. Merychippus sumani? Merriam. P? to P4, no. 21402, natural size. Barstow 
Miocene, Mohave Desert, California. 

Fic. 43. Merychippus calamarius stylodontus, n. var. Type specimen, M? and M3, 
no. 21410, natural size. Barstow Miocene, Mohave Desert, California. 

Fic. 44. Merychippus calamarius stylodontus, n. var. P? and P3, no. 22474, natural size. 
Barstow Miocene, Mohave Desert, California. 


nearly circular in cross-section and often separate from the pro- 
toconule until the crown is worn down to a height measuring much 
less than the width of the crown, and relatively simple enamel folds. 
The crowns are wide and well cemented. 

The M. sumani group comprises specimens much smaller than 
those referred to M. c. stylodontus, but apparently neither abso- 
lutely nor relatively shorter crowned. The enamel bordering the 
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fossettes is commonly more complicated than in any of the larger 
Merychippus specimens of the Barstow. 

The M. c. stylodontus form corresponds most nearly to Cope’s 
type specimen of M. calamarius in dimensions and in proportions of 
the upper cheek-teeth in cross-section, but differs from the typical 
form in the relative simplicity of enamel folds of the walls bor- 
dering the fossettes. MM. sumani resembles typical M. calamarius 
more closely in the folding of the enamel, and possibly in the rela- 
tive length of the crown. It is considerably smaller than the typ- 


Fic. 41. Merychippus sumani Merriam. Type specimen, P* to M%, no. 21422, natural 
size. Barstow Miocene, Mohave Desert, California. 


ical form and the crowns seem narrower. The apparent difference 
in width may be due in part to difference in stages of wear of speci- 
mens compared, or to method of measurement. The teeth of 
Cope’s type are apparently not in a very advanced stage of wear, 
but are uncommonly wide. If the stage of attrition is more ad- 
vanced than the writer has assumed, the complication of the enamel 
folds becomes a relatively more important character. 

The large Merychippus intermontanus closely approaches the 
M. c. stylodontus form through the medium of specimens like no. 
21409 (fig. 40), in which the protocone unites with the protoconule 
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in incipient wear and the fossettes have relatively simple borders. 
The crowns are, however, much larger in M. intermontanus. 

While it is possible that additions to the material from the Bar- 
stow area now available may give sharper definition to boundary 
lines between the groups of Merychippus forms here described, or 
possibly between groups otherwise organized, it is also possible that 
fuller collections may serve rather to make separation more diffi- 


ip 


Ms 
re 
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Fic. 45. Merychippus calamarius stylodontus, n. var. Milk dentition, no. 19816, natural 
size. Permanent teeth also shown in side view. Barstow Miocene, Mohave Desert, Cali- 
fornia. 


cult. This may be true at least of structure of the cheek-teeth. 
In the series of Merychippus forms of the Barstow fauna as now 
known, the range of characters very nearly includes the range from 
Merychippus to Protohippus and to Hipparion. In the large M. 
intermontanus there is no clear separation from Protohippus on 
characters that have been used up to the present time. The cheek- 
teeth are large, long, heavily cemented, with heavy styles, com- 
paratively simple fossettes, and the protocone unites with the 
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protoconule in incipient wear. In the temporary dentition of a 
large specimen apparently representing M. intermontanus the milk 
molars are long and well cemented. In the M. c. stylodontus type 
the relatively short crowned character is present with the discrete 
protocone, and possibly thinner cementation. 

In the small M. sumani form the characters of Merychippus 
range very near those of typical Hipparion as they appear in 
H. mohavense of the Ricardo fauna. The moderately cemented 
crowns may attain a length equalling twice the width. The bor- 
ders of the fossettes are much crinkled, the protocone is discrete 
almost to the base and is nearly circular in cross-section. Charac- 
ters separating this form from the Ricardo hipparions are seen 
in the smaller size, relative shortness and greater curvature of 
crown, more gradual tapering of the mesostyles, and less advanced 
crinkling of the fossette borders. These characters in Hipparion 
may be due to continued specialization of the older Barstow form 
in the direction in which it was already moving. So far as the 
cheek-tooth structure is concerned, there appears to be a close rela- 
tion between the Merychippus sumani form of the Barstow fauna 

and the Hipparion species of the Ricardo. 

_ Lower Cheek-Teeth—The lower molars and premolars of the 
Merychippus forms of the Barstow fauna are somewhat longer 
crowned than in the species of the Mascall and Virgin Valley beds, 
and tend generally to be well cemented. They vary considerably 
in size, corresponding to the difference between the large and 
small types of upper molars ranging between Merychippus inter- 
montanus and the small M. sumani type. 

In none of the Merychippus specimens from the Barstow fauna 
has the first lower premolar been observed though it is present in 
the upper dentition, and is seen as a peg-like tooth in the inferior 
milk dentition. In all of the forms of Merychippus, the metaconid- 
metastylid column is shorter anteroposteriorly than in Hipparion. 
The internal groove of this column is narrow and sharp. The para- 
stylid commonly swings inward to a plane almost even with that 
of the inner side of the metaconid-metastylid column. Particu- 
larly in the smaller forms an antero-external ridge commonly 
appears on the protoconid. 

The small, inferior, cheek-tooth series which evidently corre- 
spond to the M. sumani type of upper teeth are generally charac- 
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terized by somewhat shorter crowns than the large form, and by 
somewhat less increase in the width of the series in the region of 
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Fic. 49. Merychippus intermontanus Merriam. Pe to Mg, no. 21459, X 3. Barstow 
Miocene, Mohave Desert, California. 

Fic. 50. Merychippus calamarius stylodontus?,n. var. Pez to My, no. 19819, X #o. Bar- 
stow Miocene, Mohave Desert, California. 


P; and Ps. In the small forms, the greatest width of the crushing 
surface of the lower dentition lies at the posterior end of Ps; and an- 
terior end of P., as in the large form, but the increase in width in 
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ComPARATIVE MEASUREMENTS OF INFERIOR DENTITION OF MeErycuippus Forms* 


3 5 8 a 8 =I BE 
5 3 ape a 
Be ese eee aa 
ey meee et 
a a I a a a 
Length, anterior side P2 to posterior 
TVG La NY Eyetiia MUSN eSE U eae A Sila hun PADS sshie 4 SBaeaun es 
Length, anterior side P: to posterior 
STG erates thee mace MMOLE AU anes tS ra 60.5 64 ks) 62 
Length, anterior side M; to posterior 
SI eR Vigna eeu opti eAltaus nse au cienits 45.2 mm. 60 HUA san 61 57.6 
P2, anteroposterior diameter........ See 21.8 20.5 5). Al DI eal Se 
RCL ANS VeELSel@lametere ane enry: tere 10.6 9 10.8 allay we 
P;, anteroposterior diameter........ IY) sD 20.4 DOES DS) ik 20.4 18.9 
Ibgatkansvierse diameteh vas enennae 11.2 i 10.4 22 14.2 ees 
Ps, anteroposterior diameter........ Soo) 20 ke bod 20.4 19.8 
eatransverseiaiaime tener nae aee 11.6 VW 2 10.5 12 14.3 BCR 
M,, anteroposterior diameter....... 20.4 18.8 21.6 25.4 2 eS 
Mi, transverse diameter..........., 10.6 10.8 98 10.1 12.8 ware 
Mp, anteroposterior diameter....... 20.9 MA il aH D5) (8) 18.5 18.2 
IMGs transverse diameter. /. 2) 0.5... 9.4 10 Ate ) 7 LS 9.5 
Ms, anteroposterior diameter....... MS) 98) Mit Sets Mae 25 Mp) Mi 
Msg, transverse diameter........... 7.8 8 LA Bia 9.3 8.8 
Leva Ot Grommas Is cousaovcoowdde hie Stats 38 44. 
Meng thyohictowny View nen erie nee aaa .. = aAl 
No. 21569 No. 21776 
I,, anteroposterior diameter........ 8 lee Seal oll 
],, transverse diameter............. 10.3 
I,, anteroposterior diameter........ 8 Holl 
Wenthansverseidiametenys ase. claa. 10.7 Bet sls 11.6 
I;, anteroposterior diameter........ a6 ey: Hare a5.7 
Iemithansvielse diametena nent aiein a10.4 5.9 
C, anteroposterior diameter........ 7 aebats 3.9 
Citransvetseriameter ener ai 6.8 wate my 4.3 


* All measurements without cement. For system of measurements see Univ. Calif. 
Publ., Bull. Dept. Geol., vol. 7, p. 409, 1913. 


a, approximate. 


this region seems noticeably less. In such material as is avail- 
able there is a suggestion that the anteroexternal angle of the pro- 
toconid appears more commonly in the small form than in the large. 
In a general way, the lower cheek-teeth of Merychippus inter- 
montanus (figs. 48, 49) resemble Protohippus, and might lead toward 
Pliohippus. Those of the small M. sumani form are nearer to 
Hipparion than is the larger type, but do not seem to approach the 
characters of that genus as closely as do the upper teeth. 
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Incisors and Canines.—The incisors are well shown in specimen 
21463, which is associated with teeth of the Merychippus c. stylo- 
dontus type. All of the incisors of the upper dentition (figs. 51a, 
514) are clearly cupped, and cement fills the valleys of the middle 
incisors to a considerable depth. I; is distinctly cupped. 
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Fics. 51a anp 516. Merychippus calamarius stylodontus?, n. var. Superior incisors and 
canine, no. 21463, X 3. Fig. 51a, inferior view; fig. 514, lateral view. Barstow Miocene, 
Mohave Desert, California. 

Fics. 524 anp 526. Merychippus calamarius stylodontus?, n. var. Inferior incisors and 
canine, no. 21569, X 3. Fig. 52a, dorsal view; fig. 524, lateral view. Barstow Miocene, 
Mohave Desert, California. 

Fic. 53. Merychippus calamarius stylodontus?, n. var. Inferior incisors and canines, no. 
21776, dorsal view, X 3. Barstow Miocene, Mohave Desert, California. 


Specimen 21776 shows I, and I, with distinct cupping. On Is 
there is a marked infolding of the posterior wall and an incipient 
posterior ridge begins to enclose a median pit. 

The upper canines of no. 21463 are of moderate size and slightly 
flattened laterally. In no. 1349, apparently a form of the same 
specific type, the superior canine is somewhat larger and apparently 


TERTIARY MAMMALIAN FAUNAS OF THE MOHAVE DESERT 1171 


is markedly flattened laterally. The inner face shows a median 
ridge flanked anteriorly and posteriorly by shallow longitudinal 
grooves. 
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Fic. 54. Merychippus intermontanus? Merriam. Superior milk dentition with occlusal 
view of M!, no. 21460 natural size. Barstow Miocene, Mohave Desert, California. 

Fic. 55. Merychippus intermontanus Merriam. Inferior milk dentition with permanent 
My, no. 21398, natural size. Barstow Miocene, Mohave Desert, California. 

Fic. 56. Merychippus intermontanus Merriam. Dms, no. 21461, natural size. Barstow 
Miocene, Mohave Desert, California. 


In a considerable number of specimens exhibiting the symphysial 
region the lower canine is a large prominent tooth with nearly cir- 
cular cross-section (fig. 52@) and the root is much larger than that 
of I;. In no. 21776 the small inferior canine is situated immedi- 
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ately behind I;. The root is approximately one-half as large as 
that of I;. This is possibly a female. 

Milk Dentition—The milk teeth of Merychippus forms are well 
shown in a number of specimens from the Barstow beds, but it is 
not possible to make certain in every case which of the several 
species 1s represented. 

In specimen 19816 (fig. 45, p. 1164) a complete upper cheek-tooth 
dentition is shown with the permanent premolars partly formed in 
the jaw above. The well worn milk teeth have a pattern sug- 
gesting Merychippus calamarius stylodontus. They are well ce- 
mented and the degree of cementation suggests Protohippus. ‘The 
premolars forming in the jaw are large and might represent either 
M. c. stylodontus or M. intermontanus. 


Fics. 57a ano 576. Merychippus sumani? Merriam. Mandible with milk dentition, 
no. 20029, X 3. Fig. 57a, lateral view; fig. 574, dorsal view. Barstow Miocene, Mohave 
Desert, California. 


In no. 21460 the upper milk molars (fig. 54) are somewhat larger 
than in no. 19816 though of much the same form. In no. 21460 
the slightly worn crowns are high and well cemented. They seem 
as advanced as in Protohippus. In no. 21460 M! is a large tooth 
comparable in general to M! of M. intermontanus, and it is not 
improbable that this specimen represents that species. The teeth 
in this specimen differ from those of certain forms referred to Plio- 
hippus in the Ricardo fauna in the more clearly separate protocone 
and slightly less cementation. 

A complete series of lower milk molars (no. 20029, figs. 57¢ and 
570) represents a relatively small form of the Merychippus group. 
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The crowns are about as advanced as in M. tsonesus of the Mascall, 
but are more heavily cemented. Dm: is a very small peg-like 
tooth. M:; is a long tooth. This specimen represents either 
M. sumani or the M. c. stylodontus form. The incisors and canines 
are missing from this specimen. The alveolus for the inferior 
canine is very small, and is situated close behind 13. 

A lower jaw with milk teeth somewhat larger than in no. 20029 
was associated with the upper milk dentition of no. 21460, and 
probably represents the same specimen. The crowns are high and 
well cemented, much as in Protohippus. This specimen presum- 
ably represents Merychippus intermontanus. ) 

In all of the lower milk teeth of the Merychippus forms of the 
Barstow fauna the anteroexternal fold on the protoconid, and the 
external tubercle between protoconid and hypoconid tend to 
develop. 

Comparison with a fine specimen, evidently representing Mery- 
chippus isonesus (no. 1678, figs. 58 and 59) from the Mascall Mio- 
cene in Oregon shows that the difference between the milk molars 
of the Mascall and Barstow forms is not large. The crowns of the 
Barstow species are possibly a little longer and the cementation 
somewhat heavier. So far as known P, is larger in the Mascall 
species. [he difference between the temporary teeth seems less 
than between the permanent cheek-teeth of the Mascall and Bar- 
stow forms. As shown in figs. 57a and 58 there is a wide difference 
between the Mascall and Barstow species in the form of the lower 
jaw. In the Barstow species, the mandible is much higher and 
heavier than the slender horizontal ramus of the Mascall species. 


CoMPARATIVE MEASUREMENTS OF MiLK DENTITION 


No. 1678 
No. 19816 No. 21460 Mascall 
Length, anterior side Dm? to pos- 
teriotmsid es maaan e ieee errr AU © tai, B95 all 
Dm}, anteroposterior diameter....... 10.4 
Dm!, transverse diameter........... 7.9 ' ss 
Dm?, anteroposterior diameter....... 30.2 84.5 27 
Dm?, transverse diameter........... 18.3 Dies VS 
Dimzeheichtofctownere ea eeneeerr aga ete Lia 
Dm, anteroposterior diameter....... Wo) 24.8 20.5 
Dm, transverse diameter........... DAR Sas 18.4 
Dm‘, anteroposterior diameter....... 23.9 25.9 21.3 
Dimemtransvetsexaiameter eer ZAM 21.4 
Dyas, INSANE OL GROMPR. cocaccageccdes 8.5 17 


Mt}, anteroposterior diameter........ CRN 23.8 Dee 
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ComMpPARATIVE MEASUREMENTS OF MILK DeEnNTITION—Continued 


No. 1678 
No. 20029 No’ 21461 Mascall No. 21398 
Length, anterior side Dme to pos- 
terionsidesDimueenensmc tare: 72.5mm. 4/8 66 
Dm, anteroposterior diameter....... 2.8 SER: 4.6 
Dmp, anteroposterior diameter....... 24.5 zat 22.8 
Dm, transverse diameter............ Speed Wapal 11.8 Wake 
Dms, anteroposterior diameter....... HN enies 25a 21.8 23.7 
Dms, transverse diameter............ 1 12.5 1) 14 aie 
Dmy, anteroposterior diameter....... 24.6 27.9 23 a26 
Dmu,, transverse diameter............ W223 ai2 11.9 15 
Dinawheightioticrownvensnnoneen ane 13 16.8 15 RS 
My, anteroposterior diameter......... 24.5 sete 20 a26 
Mh, INGEN CH GRMN, cooodooodoamoa8 a39 MAN 23 a3 


a, approximate. 


Skull.—Three specimens show the greater part of the cranium 
and two others represent portions of the anterior region not well 
preserved in the better skulls. The several specimens taken to- 
gether exhibit practically all of the essential characters of the 
skull. ‘These specimens agree quite closely in comparable measure- 
ments and seem all to represent the Merychippus calamarius group. 
No. 20039 (fig. 61), the specimen showing the teeth in the best 
stage of preservation, seems to belong to the M. c. stylodontus type. 
No. 21385 (fig. 642) possibly belongs to M. sumani. 

The length of the skull is a little greater than the measurements 
of Merychippus material from the Great Plains region available for 
comparison, and is greater than in a specimen of Protohippus sejunc- 
tus (no. 8291, Am. Mus. Nat. Hist.). 

The brain case is large, wide, and strongly arched anteropos- 
teriorly in the median line (fig. 60). The anterior slope of the 
dorsal surface extends downward to the wide, flat or slightly con- 
cave frontal area, producing in specimen no. 20039 a peculiar con- 
vex form in the parietal region. 

The rostral region is rather narrow anterior to the cheek-teeth. 
Very large lateral or lachrymal fossae originate immediately an- 
terior to the orbits and extend forward as very marked depressions 
almost to a point opposite P?. In less marked form they may reach 
almost to the anterior end of the cheek-tooth series. The long 
narrow nasal elements extend forward over the nasal openings to a 
point somewhat in advance of the superior canines. 

The anterior ends of the large oval orbits are situated above the 
posterior region of M;. The zygomatic arch and postorbital bar 
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are rather slender. The post-glenoid process is of moderate length. 
The paroccipital process is long and slender. 

The occipital condyles are large and wide. The occiput is 
strongly convex immediately above the foramen magnum, but 
shows a marked depression, apparently with a median ridge for 
muscular attachment, just below the marked overhang of the 
inion. 


Fic. 60. Merychippus, like calamarius (Cope). Reconstruction of skull based on speci- 
mens from Barstow Miocene, Mohave Desert, California. 


The posterior palatine opening is wide anteriorly, its anterior 
end being opposite the anterior region of M? in no. 21385, an indi- 
vidual of advanced age of the Merychippus sumani type. In 
no. 20039, a younger individual probably of the M. c. stylodontus 
type, the anterior end of the opening is opposite the middle of M?. 

The infraorbital foramen is above the posterior region of P*4 
in no. 20039. The postpalatine foramina are opposite the middle 
of M? in the same specimen. 

The reconstruction of the skull shown in figure 60 is based in 
considerable part on specimen 21386, presumably a representative 
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of M. c. stylodontus, with restoration according to the characters 
of the other skulls available. This restoration may be taken as 
representing the type like Merychippus calamarius in the Barstow 
fauna. 

The form of the skull in the Barstow specimens is in general 
similar to that of Merychippus as known to the writer. In most 
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Fic. 61. Merychippus calamarius stylodontus?, n. var. Cranium, lateral view, no. 20039, 
X $3 anterior end broken away and occipital region damaged. Barstow Miocene, Mohave 
Desert, California. 

Fics. 624 anp 626. Merychippus, sp. Nasal region of cranium, no. 1349, X 3. Fig. 622, 
lateral view; fig. 624, dorsal view. Barstow Miocene, Mohave Desert, California. 


respects it approaches the type seen in Protohippus sejunctus so 
closely that no generic distinctions are apparent. Such differences 
as exist are apparently of specific value. 


MEASUREMENTS OF SKULL 
. No. 20039 No. 21386 No. 21387 No. 21385 
Length, anterior end premaxillary to pos- 
terior end occipital condyles............. ae 336 mm. 
Length, anterior end P? to anterior end 
premaxillany Avaya WN ae ehh, hese 82 
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MEASUREMENTS OF SKuLL—Continued 


No. 20039 No. 21386 No. 21387 No. 21385 

Length, anterior side of orbit to anterior 

endtofipremaxillany seen nena ee Sas ta LOA 
Length, anterior side M! to posterior side 

offoccipitalicondy lessee ane ey heer erent 199 mm. 196 an 196 
Length, anterior side M! to anterior end 

of premaxillany cite elo nigel seroma wey, 138 Sas 

crushed 

Width, between inner sides of M!.......... SPAS SHER c a46 44 
Least width between orbits............... 96 a90 ooo) | GSS 
Least width across nasal ridge above lach- crushed 

ry mal fossaen heads stuind us Mcane sia rev ane a31 25S 436 Wa 
Greatest width across zygomatic arches.... @142 ane alive 120 
Greatest width of occipital condyles....... Sad) Cull wa S18 
Greatest anteroposterior diameter of orbit... AOS iiss he Se NW) 


No. 21389 No. 21228 
Height of mandible below anterior 
enidiof Mee eee Bes oe een eee 47 51 


No. 20029 
Height of mandible anterior end of Mi. 41 


a, approximate. 


The mandible is not shown complete in any specimen. In no. 
20029 (figs. 57a and 574), a young individual with M, not yet in 
function, the horizontal ramus is seen to be much higher than in a 
young specimen of Merychippus isonesus from the Mascall Miocene. 
The symphysial region is not greatly widened, and the very small 
canine is close behind Is. 

A lower jaw (fig. 47) associated with the skull no. 20039 does not 
show the outlines of the ramus. In no. 21228 the form of the 
mandible in the adult is seen to be much as in the young specimen 
represented in no. 20029 (fig. 57a). 

Limbs.—Large numbers of skeletal parts found in the beds of the 
Barstow syncline represent a Merychippus species corresponding 
approximately to M. calamarius in stage of development and in 
sIZe. 

The range of variation in the material extends from elements 
representing small forms near the size of specimens of Merychippus 
isonesus of the Mascall up to elements from individuals evidently 
about double the size of the smaller type. In the absence of good 
associated skeletal material it is not possible to make a thoroughly 
satisfactory determination of the systematic position of the species 
represented by the skeletal elements, but it is reasonable to assume 
that the smallest represent Merychippus sumani as known from the 


Cranium, lateral view, no. 21386: 


Pie. 63. Merychippus calamarius stylodontus?, n. var. 


Barstow Miocene, Mohave Desert, California. 
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Fic. 65. Merychippus,sp. Ungual phalanx, no. 23131, X 3. Barstow Miocene, Mohave 
Desert, California. 

Fic. 66. Merychippus, sp. Third metacarpal and digit with proximal ends of meta- 
carpals 2 and 4, no. 22372, X 4. Barstow Miocene, Mohave Desert, California. 

Fic. 67. Merychippus, sp. ‘Third metatarsal and digit with fragments of metatarsals 2 
and 4, no. 19817, X 3. Barstow Miocene, Mohave Desert, California. 

Fic. 68. Merychippus, sp. Third metacarpal with splint bones, no. 21470, X 3. Bar- 
stow Miocene, Mohave Desert, California. 
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dentition, and that the largest specimens are from the M. inter- 
montanus type. 


Fic. 69. Merychippus, sp. Third metatarsal, no. 21407, X 3. Barstow Miocene, 
Mohave Desert, California. 


Fic. 70. Merychippus, sp. Distal end of third metatarsal with first phalanx, no. 21468, 
X 3. Barstow Miocene, Mohave Desert, California. 


In general the type of foot structure is similar to that of the 
genus Merychippus as seen in M. isonesus. The metapodials are 
slender, the lateral digits small and scarcely functional. ‘The hoofs 
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of digit III are narrow, and with a marked terminal cleft. The 
narrow astragalus has a deep subacute trochlear groove. 

The abundant proximal phalanges of digit III (figs. 66 and 67) 
are much more slender than those of 7 ypohippus (fig. 29) and show 
a marked median constriction. There is a suggestion of less flat- 
tening and more distinct rounding of the shaft than in a number of 
specimens presumably representing Merychippus isonesus from the 
Virgin Valley Miocene. The groove for the trochlear ridge of the 
metapodials is commonly not well marked at the anterior side of 
the proximal articular face; but in a few of the largest specimens 
(fig. 68) it is strongly marked on the anterior side corresponding to 
the development of the metapodial keel. 

The second phalanges of digit III are easily distinguished by their 
narrower form from the wide, relatively short phalanges of Hypo- 
hippus. 

The ungual phalanges of digit III of even the smallest form 
(fig. 67) in the Barstow fauna are relatively somewhat wider than 
in one perfect specimen of a Merychippus-like horse from the 
Mascall available for comparison, but have nearly the same size 
and proportions as another Mascall specimen. The difference be- 
tween the smallest and largest forms in the Barstow collection is 
mainly one of size. In all of the specimens the anterior end is 
subacute, with the terminal cleft well marked. The postero- 
lateral wings project slightly behind the inferior margin of the 
proximal articular face. 

Compared with casts of the feet of Protohippus sejunctus from 
the American Museum, the largest ungual phalanges in the Barstow 
collections have nearly the same size, but seem to show slightly 
smaller lateral wings, and are possibly a little higher posteriorly. 


MEASUREMENTS OF MerapopiAL III 
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Metapodial III of the Merychippus species of the Barstow fauna 
varies considerably in size, but the general outlines of the shaft 
do not vary greatly in either front or hind limb. The distal keel is 
well developed in all specimens. In some individuals the keel is 
scarcely visible on the anterior side of the distal articular face of 
even the posterior metapodial III, but careful examination will 
show a faint ridge reaching the proximal end of the anterior face. 
On some of the large specimens, as in no. 21269, the keel is strongly 
marked up to the proximal end of the anterior side of the distal 
articulation. 

In metacarpal III the angle between the magnum and unciform 
facets ranges from near 112° to a little more than 121°. In the 
smaller, more slender specimens there appears a tendency toward 
a sharper angle than in the larger individuals. There are, however, 
small specimens in which the angle is 121°. It is probable that the 
smaller, more slender specimens of metacarpal III with the more 
acute magnum-unciform angle represent Merychippus sumani. 
The larger, heavier specimens with the tendency toward a wider 
angle presumably belong to M. intermontanus. In metatarsal III 
the cuboid facet may be nearly transverse to the long axis of shaft. 
It is commonly separated from the ectocuneiform facet by a sharp 
ridge, but the larger part of the cuboid facet may be inclined away 
from the ectocuneiform facet only a few degrees. In most speci- 
mens there appears to be no facet for the mesocuneiform. In 
others, as in no. 21206, a distinct mesocuneiform articulation lies 
almost in the plane of the ectocuneiform surface. 

The astragalus in all of the Merychippus specimens shows a deep, 
narrow trochlear groove. The cuboid facet is well developed. The 
astragali vary much in size as shown in figures 77 to 79, and may 
well represent two or more specific types ranging from M. inter- 
montanus to M. sumant. 

The calcaneum, as shown in many specimens, seems not to differ 
particularly from that in other Merychippus forms. 

Metacarpals II and IV are shown in a number of specimens 
(figs. 66, 68, and 72). They are quite small in comparison with 
metacarpal III. Compared with a cast of the foot of Protohippus 
sejunctus kindly furnished by the American Museum they are not 
relatively larger, and the fourth metacarpal seems somewhat 
smaller. Very small lateral facets are present on both metacarpal 


77 78 Us 


Fics. 71 To 79. Merychippus, sp., from Barstow Miocene, Mohave Desert, California. 


lie, Zit, 
Fic. 72. 
Fic. 73. 
Fic. 74. 
Fic. 75. 


view, X 3. 


Merychippus, sp., metatarsals two to four, no. 22479, X 3. 

Merychippus, sp. Metacarpals two to four, no. 22370, X 3. 

Merychippus, sp. Carpus with proximal ends of metapodials, no. 21570, X 3. 
Merychippus,sp. Distal end of lateral metapodial, no. 22475, X 3. 
Merychippus, sp. Lower sesamoid or navicular, third digit, no. 22476, proximal 


Fics. 764 anp 766. Merychippus, sp. Lateral digit, no. 22490, X 2. Fig. 76a, lateral 
view; fig. 76, anterior view. 


Fic. 77. 


Merychippus, sp. Astragalus, no. 23122, X 3. 


Fic. 78. Merychippus, sp. Astragalus, no. 23123, X 4. 
Fic. 79. Merychippus, sp. Astragalus, no. 23124, X 3. 
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II and IV. Judging by the size of these lateral facets, the rudi- 
ments of metacarpals I and V must have been smaller than the 
small nodules seen in P. sejunctus. 

The lateral metapodials of the hind foot (figs. 67 and 71) are, so 
far as known, not larger and possibly smaller than in Protohippus 
sejunctus. ‘The complete form is not known but in at least one 
case, as shown in figure 67, the distal region of the lateral meta- 
tarsal is much reduced. 

All of the specimens representing distal ends of the lateral meta- 
podials found in the Barstow are small and slender (fig. 74). The 
lateral phalanges known are also small (figs. 76a and 764). All of 
the evidence available shows that the lateral toes were small. 

The variations shown above between the large and small forms 
of metapodials may well be comparable to the difference between 
Merychippus intermontanus and M. sumani. 

Certain forms of foot structure seen in the Merychippus types of 
the Barstow fauna might be transformed into those of horses in 
the Ricardo, without extraordinary modifications. 


MERYCHIPPUS INTERMONTANUS Merriam 


Merychippus intermontanus, n. sp. Merriam, J. C., Univ. Calif. Publ., Bull. 
Dept. Geol., vol. 9, pp. 50, 52, figs. 2, 3, 1915. 


Type specimen, no. 21400. An upper cheek-tooth dentition from locality 1401 
in the Barstow Miocene of the Mohave Desert, California. 

Cheek-teeth large (figs. 36-39); crowns long, strongly curved, heavily cemented. 
Protocone of upper cheek-teeth uniting early with protoconule. Enamel walls 
bordering the fossettes comparatively simple. 


MERYCHIPPUS CALAMARIUS STYLODONTUS, Nn. Var. 


Type specimen an upper cheek-tooth dentition, no. 21410, from locality 2057, 
in the Barstow Miocene of the Mohave Desert, California. 

Upper cheek-tooth dentition (figs. 43-46) much as in typical Merychippus 
calamarius (Cope). Crowns larger and relatively shorter than in M. sumani. 
Protocone nearly circular in cross-section and often separate from protoconule 
until the crown is reduced to a height measurement less than the width. Enamel 
folds bordering the fossettes apparently simpler than in typical M. calamarius. 


MERYCHIPPUS SUMANI Merriam 


Merychippus, near calamarius. Merriam, J. C., Univ. Calif. Publ., Bull. 
Dept. Geol., vol. 6, p. 168, pl. 29, figs. 1g—-1c, 1911. 

Merychippus sumani, n. sp. Merriam, J. C., Univ. Calif. Publ., Bull. Dept. 
Geol., vol. 9, pp. 49, 50, fig. 1, 1915. 
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Type specimen, no. 21422. Barstow Miocene, Mohave Desert, California. 

Upper cheek-teeth (fig. 41) much smaller than in typical Merychippus cala- 
marius or in M. intermontanus. Crowns of cheek-teeth considerably elongated, 
markedly curved, and well cemented; height of the crowns often equal approxi- 
mately to twice their width. Protocone round, tending toward circular form in 
cross-section, and discrete up to a stage of very advanced wear. Enamel border- 
ing the fossettes commonly more complicated than in any of the larger Mery- 
chippus forms of the Barstow Miocene. 


PROTOHIPPUS!, OF PLIOHIPPUS?, Sp. 


A single upper molar, no. 21423 (figs. 80 and 81), represents a 
form apparently more advanced than the type of Merychippus 
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Fics. 80 anp 81. Protohippus? or Pliohippus?, sp. Superior cheek-tooth, no. 21423. 
Fig. 80, outer view; fig. 81, occlusal view. Barstow Miocene, Mohave Desert, California, 


Fic. 82. Protohippus or Pliohippus?, sp. Superior cheek-tooth, no, 21424, natural size. 
Barstow Miocene, Mohave Desert, California. 


intermontanus. It is closely allied to Protohippus, but better ma- 
terial might indicate its affinity with Pliohippus. This specimen 
was associated with the type specimen of M. intermontanus from 
locality 1401 in the Barstow syncline. 

The characters of this tooth are near those of M. intermontanus, 
but it differs from that form in greater width and its much more 
compressed and anteriorly longer protocone. 

The form represented by no. 21423 (figs. 80, 81) may be a species 
distinct from M. intermontanus or may be a more advanced stage 
of that species. Specimen no. 21423 represents the maximum of 
advance of the Equidae in the Barstow fauna. It differs from all 
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three of the Pliohippus forms of the Ricardo. It is smaller, and 
less advanced than Pliohippus fairbanksi. It differs from P. 
tantalus in the smaller fossettes, and is also somewhat smaller and 
apparently less advanced. A single tooth from the Ricardo, repre- 
senting a form near Pliohippus mirabilis is smaller in cross-section 
than no. 21423 from the Barstow fauna, but the Ricardo specimen 
is considerably worn and may originally have been the longer 
crowned and more progressive of the two. 

Two other upper cheek-teeth, nos. 21424 and 21425, from local- 
ities in the Barstow represent forms near that seen in no. 21423 
described above. No. 21424 (fig. 82) is little worn and is the long- 
est molar found in the Barstow. The pattern of the crown and of 
the protocone, so far as known, suggests that of no. 21423. No. 


Fic. 83. Prosthennops?, sp. Astragalus, no. 22469, natural size. Barstow Miocene, Mo- 
have Desert, California. 


21425 is a much worn tooth and may represent Merychippus inter- 
montanus. 


MEASUREMENTS 
21423 21424 21425 
Mevanteropostenlondiametcn en ee rent tre 24.2mm. 423.5 24. 
Mestransverse diameter eeeer ten rece merc 23.8 al9 24 
IED, INSANE OH GRONs ooacboodadocsdoc0ds00000000 39 42.6 37 


a, approximate. 


The large protohippine horses of the Barstow fauna represented 
in Merychippus c. stylodontus, M. intermontanus, and the Proto- 
hippus or Pliohippus described above, are antecedent types such 
as we might expect to find in the ancestors of the Ricardo and 
Etchegoin Protohippus and Pliohippus species. Pliohippus fair- 
banksi of the Ricardo fauna and P. coalingensis of the Etchegoin 
may either or both be derivations of Merychippus intermontanus 
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of the Barstow. Pliohippus tantalus is as yet imperfectly known, 
but may be a derivative of a form near one of the Barstow types. 


SUIDAE 


A single astragalus of a suilline form, no. 22469 (fig. 83), from 
locality 1398 in the Barstow beds represents a dicotyline form, but 
a generic determination seems doubtful. This specimen shows the 
presence in this fauna of the peccary-like forms so well represented 
elsewhere in the American Miocene. 


OREODONTIDAE 


MERYCOCHOERUS? BUWALDI, Nl. Sp. 


Type specimen, no. 21350, an upper dentition from locality 2057, Barstow beds, 
Barstow syncline, north of Barstow, California. 


Fragmentary oreodont remains representing a form near Mery- 
cochoerus were found sparingly by Baker in the Barstow region in 
1911. In 1913 Buwalda and Mourning found more abundant 
material showing a complete upper cheek-tooth series, and a con- 
siderable part of the lower dentition. 

This species is near Merycochoerus in general characters of the 
dentition and skull. It is at least as advanced as that genus in 
specialization of the premolars and in relative proportions of the 
molar and premolar series. 

Only small portions of the skull are present in the type specimen, 
no. 21350 (fig. 84). The anterior portion of the base of the zygo- 
matic arch arises above M!. Anterior to the root of the zygo- 
matic arch the maxillary appears to be somewhat flattened 
superiorly in a plane nearly parallel with the palate. The infraor- 
bital foramen is situated at the posterior end of this flattened area, 
and above the anterior half of M*. In specimen 21485 (figs. 85a 
and 854), the base of the zygomatic arch is shown more satis- 
factorily. The lower jaw as seen in several quite fragmentary 
specimens has approximately the form shown in Merycochoerus. 
It is high anteriorly and on one specimen seems to increase 1n height 
rapidly below the posterior molars. It does not seem to show the 
unusual elevation of the posterior region of the mandible exhibited 
in Pronomotherium. 

The dentition is characterized by height of the crowns of the 
cheek-teeth, relatively great length of the molar series compared 
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Fic. 84. Merycochoerus? buwaldi, n. sp. Skull fragment with superior dentition, type 
specimen, no. 21350, natural size. Barstow Miocene, Mohave Desert, California. 


with the premolars, advanced specialization of the premolars, and 
a tendency to crowding of the premolars anteriorly. 
The stage of complication of the premolars is near that of Mery- 
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Fics. 854 anp 854. Merycochoerus? buwaldi, n. sp. Skull fragment with P4 to M3, no. 
21485, X 3. Barstow Miocene, Mohave Desert, California. 

Fic. 86. Merycochoerus? buwaldi, n. sp. Fragment of mandible, outer and dorsal views, 
with M$, no. 21485, X 3. Barstow Miocene, Mohave Desert, California. 

Fic. 87. Merycochoerus? buwaldi, n. sp. Inferior premolars, no. 21354, natural size. 
Barstow Miocene, Mohave Desert, California. 

Fic. 88. Merycochoerus? buwaldi, n. sp. My, to Ms, no. 21487, natural size. Barstow 
Miocene, Mohave Desert, California. 

1191 


1192 PUBLISHED PAPERS AND ADDRESSES 


cochoerus proprius, and not more advanced than in that species. 
In the Barstow species the elongation of the cheek-tooth crowns 
seems to have advanced farther and fine exon anterior and 
posterior styles in P? and P* seem better developed than in M. 
proprius. In the Barstow form the outer faces of P* and P* are 
nearly flat with a faint longitudinal rib, which the writer has not 
seen on M. proprius. 

There are suggestions of external paracone and metacone ribs 
on the upper molars of the type specimen of M. buwaldi. These 
ribs are not clear on no. 21485. 

On P? of M. proprius there is a small anterior pocket in the 
enamel which does not appear on the only Barstow specimen 
showing this tooth. An internal basal cingulum is clearly shown 


Fic. 89. Merycochoerus? buwaldi,n. sp.? Astragalus, no. 21486, natural size. Barstow 
Miocene, Mohave Desert, California. 


on the upper premolars of the Barstow form. It is faint or absent 
on the upper molars. 

The upper canine is triangular in outline. The upper incisors 
are very small. 

In the lower dentition the degree of complication is approxi- 
mately as in M. proprius, and not more advanced. Py 1s relatively 
smaller, or the other premolars relatively larger than in M. proprius. 

P; and Ps of M. duwaldi are both less complicated than in M. 
rusticus of the Pawnee Creek beds of Colorado (Am. Mus. Nat. 
Hist., no. 9115, now in collections of University of California). 
The anterointernal fold is more prominent on both P3; and Ps in 
M. rusticus than in the Barstow species. The internal cingula are 
strong on the premolars. The external cingula are fairly marked. 
The lower molars have moderately elongated crowns on the speci- 
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mens available for study. There are faint internal ribs on the 
metaconid and entoconid columns. 

A single astragalus, no. 21486 (fig. 89), from the Barstow may 
represent an oreodont form. 


MEASUREMENTS OF SKULL AND DENTITION 


No. 21350 No. 21485 

Length, anterior side of superior canine to posterior side of M?.. 142 mm. 
eng thvotsuperiommolat=premolatiserlessanene Arena ae 128.5 
LEED Ol GUIPAHOI? [BIRSENO EY SAGES. c0500000000000n00000008 5865 
MengehvotsupehionrsmolatzSenlesnnr rarer eae seer 715 
ieWoreatestheransverserdiametchyan tenner en ee Dod) 
Ie Woleatescuthansverseradiame teh ae tier rine reran yey 7.4 
Superior canine, greatest transverse diameter............... 14.7 
AT CeLODOStehione diame tetmerry.) ennai Nelo as tet a@i2.2 
PA, ANIRODORIATIOM? GhENTNSEAP, oooocccac0cgcadooo000n v0 a0R00 15.8 
eM trans verse diame terme riser ah seine erases cin Sees clare. 10.5 
[PO AMAR XOMAABIOW CHANEES?, od coaooaadoagdevco0duagace0ead 14.8 
oe than SverserGlametelpnrry ne mers ayia ie ied cals eoretal 14 rae 
JP, PARAROOORAWIOW” CHENIN, .J500000000000000 060000000008 13 12.8 
Mm CLanSVerSerGiamete tens lan eard sioncenpele «cts tireletoh ania age 17.8 16.4 
IME, NES HOSSHIOL? CHANING, svoonsoocooacc odo oonboudcase 19.6 15 
NS transversexdiaine termeny nmr ieriner rs rieiia nic sunt iaie: sicher 22 20.6 
Me Manteo pOStenlonalameten eee arteries see oe 26.3 24 
NEM transverserdiametenennre sands cyclen ciel tris coe siciers hae: « 26.4 24 
MeManteroposteniorcdiameteta at ener CEre Lr at omen et 34.5 29.7 
NieMtransyverser diameter seer) salen semen orseil derek se See wees 27.8 30.7 

No. 21354 
ommaniteopostenlondiametetart ener erate net 12.8 
OMtRANSVCLSCUGIAINE Cerin Avera ois syst Aes, ao) esse oo saeeoal eee 6 
Ek, ANEUUEILO) HOLISTIC CPENTNARS, 500000000000000000000000000N0 So) 
Pcl Alisviersesalametetp entrust cee sclera siete case ero 10.4 
12q, NAR HOSCATIOL? GHANNATSE. so g00000000009090005000080006 17.2 
FetLansviersendiaineten-esseyn = ak ss Amie se ciacie aaeteesilere sic eZee aL 

No. 21487 No. 21485 
Me yanteroposteriondiameterene: herein: 24.8 a24 
Mowtnansvetserdiainie tet ae mereinn sain aan recite a eign nna 16.1 ai6 
Mo wanteroposteriondiametenn weenie ein ea Sie2 38 
Mla, GRAUAVARSS GHANNVSUSE, oooso nous oodbodoo Gog souEDoeOdanDS Se NV 92 


a, approximate. 


CAMELIDAE 


Remains of camels are among the most common fossils found in 
the Barstow beds. Unfortunately the teeth do not resist destruc- 
tive processes as well as those of the horses, and in absence of 
complete skeletal material little but scattered foot bones remain 
for study. Almost the only basis for comparative study of the 
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Fics. 90 ro 93. Camel remains from Barstow Miocene, Mohave Desert, California. 


Fig. 90, Procamelus, sp., radius and ulna, no. 22492, X 4; fig. 91, Procamelus, sp., cannon 
bone and phalanges, anterior limb, no. 22491, X 4; fig. 92, Al/ticamelus?, sp., cannon bone, 


no. 21552; X 4; fig. 93, diticamelus?, sp., distal half of radius, no. 22493, X 4. 
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camels seems to be furnished by the astragali. Of these there are 
at least four types, graded according to form and size. One is a 
small form (compare fig. 98), of which the astragalus is a little more 


Fic. 94. Procamelus?, sp. Inferior dentition, no. 22482, natural size. Barstow Miocene, 
Mohave Desert, California. 

Fic. 95. Procamelus?, sp. Superior molar, no. 23129, natural size. Barstow Miocene, 
Mohave Desert, California. 


Fic. 96. Procamelus?, sp. eferion milk teeth, no. 21554, natural size. Barstow Mio- 
cene, Mohave Desert, California. 


Fic. 97. Procamelus, sp. Fragment of mandible with M2 and Ms, no. 21562, X 3. Bar- 
stow Miocene, Mohave Desert, California. 


than 40 mm. in greatest diameter; others are much larger (compare 
figs. 100 and 101) ranging to a length between 80 and 90 mm. It 
is possible that the smallest of these is merely a diminutive type of 
the next in size, but a considerable number of specimens seem not 
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to show an intergradation. The largest of the Barstow forms are 
much smaller than the largest forms in the Ricardo fauna. At 
least two of the Barstow types (compare figs. 98 and 99) evidently 
represent the genus Procamelus, as nearly as can be judged by the 
dentition and the metapodials referred to this group. The largest 
forms of the Barstow fauna presumably represent the genera 
Alticamelus and Pliauchenia (compare figs. 100 and 101). The 
broader specimens of the larger group are presumably Pliauchenia, 
the narrower ones 4/ticamelus. 

A small astragalus with a portion of the dentition, no. 21554 
(figs. 96 and 98), representing the smallest form known from the 
Barstow seems to represent Procamelus. The astragalus is small 
and narrow. The dentition represents the last two milk molars. 
The form is evidently a young individual of one of the two species 
smaller than d/ticamelus and presumably to be referred to Pro- 
camelus. 

The largest specimen representing the limbs is no. 21552 (fig. 92) 
and is a very large and slender anterior metapodial about 70 per 
cent longer than the anterior metapodial of a Recent camel. This 
specimen presumably represents a form of lticamelus. The 
largest specimen representing the dentition in the Barstow fauna 
is a mandible (fig. 104), no. 21553, with two posterior molars, the 
roots of the premolars, and the canine. On this specimen all of 
the four premolars have been present. This mandible may belong 
also to Alticamelus. 

In the posterior metapodials of the Barstow forms there are two 
distinct types of articulation at the proximal end. One is shown 
in no. 21555 (fig. 107), in which the area for articulation with the 
cuboid and ectocuneiform is narrow transversely and the posterior 
hook is relatively large and high. This type evidently represents 
Procamelus, and is to be associated with one of the two interme- 
diate types of astragalus. It corresponds very closely to the type 
seen in the proximal end of some of the Procamelus-like forms of 
the Miocene in the Great Plains region. In the other form, no. 
21556 (fig. 108), the proximal articular area is relatively much 
wider and the posterior hook is smaller. This is possibly Pliau- 
chenta. 

In the form of the phalanges there is also a wide variation cor- 
responding in general to the grade of difference in astragali. The 
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Fic. 98. Procamelus, sp. Astragalus, no. 21554, X 3. Barstow Miocene, Mohave Des- 
ert, California. 

Fic. 99. Procamelus, sp. Astragalus, no. 22481, X 3. Barstow Miocene, Mohave Des- 
ert, California. 

Fic. 100. Alticamelus or Pliauchenia?, sp. Astragalus, no. 23125, X 3. Barstow Mio- 
cene, Mohave Desert, California. 

Fic. 101. Pliauchenia?, sp. Astragalus, no. 21559, X 3. Barstow Miocene, Mohave 
Desert, California. 

Fic. 102. Pliauchenia?, sp. Anterior end of mandible, no. 22484, X 3. Barstow Mio- 
cene, Mohave Desert, California. 

Fic. 103. Procamelus?, sp. Anterior end of mandible, no. 22483, dorsal view, X 3. 
Barstow Miocene, Mohave Desert, California. 

Fic. 104. Alticamelus?, sp. Mandible, no. 21553, X 3. Barstow Miocene, Mohave 
Desert, California. 
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form represented by no. 21558 (fig. 109) may represent A/ticamelus. 
Smaller forms seen in no. 21557 evidently belong to Procamelus. 

A fine specimen, no. 21569, shows the greater portion of the an- 
terior limb of an individual of approximately the same dimensions 


Fics. 105 ro 1124. Camel remains from Barstow Miocene, Mohave Desert, California. 


Fic. 105, Procamelus, sp., proximal end of cannon bone, anterior limb, no. 22489, X 4; 
fig. 106, Pliauchenia, sp., proximal end of cannon bone, anterior limb, no. 22488, X 4; fig. 
107, Procamelus, sp., proximal end of cannon bone, posterior limb, no. 21555, X 3; fig. 108, 
Pliauchenia?, sp., proximal end of cannon bone, posterior limb, no. 21556, X 4; fig. 109, 
Alticamelus? or Pliauchenia, sp., first phalanx, no. 21558, X 3; fig. 110, ddicamelus?, sp., 
first phalanx, no. 22487, X 3; fig. 111, Procamelus or Pliauchenia, sp., second phalanx, no. 
22486, X 3; figs. 112¢ and 1124, Procamelus?, sp., ungual phalanx, no. 22485, X 3, fig. 1122, 
dorsal view, fig. 112d, side view. 


as in Alticamelus or Procamelus leptocolon of the Pawnee Creek 
Miocene in the Great Plains region. 

The upper dentition is not well shown in any of the Barstow 
specimens. No. 23129 (fig. 95) represents a single upper molar and 
no. 21562 (fig. 97) a portion of a lower jaw. 
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BovIDAE 


Remains of Merycodus are among the most common fossils found 
in the Miocene of the Barstow syncline. Fragments of horns or 
antlers are the most commonly recognized parts, and several hun- 
dred have been collected in the work on the Barstow fauna. 

The forms commonly seen correspond most closely to Merycodus 
necatus described by Leidy from the Upper Miocene of the Great 
Plains region and figured by Cope from the Santa Fé region. A 
second form, Merycodus (2) coronatus found in the Barstow repre- 


115 


Fics. 113 to 117. Merycodus necatus? Leidy. Antlers, X 3. A second species possibly 
represented. Fig. 113, no. 22496; fig. 114, no. 22497; fig. 115, no. 22495; fig. 116, no. 22498; 
fig. 117, no. 21488. Barstow Miocene, Mohave Desert, California. 


sents a peculiar type which seems to the writer to be nearest to 
Merycodus. It may represent a distinct genus or is possibly a 
sport. 


MERYCODUS NECATUS? Leidy 


This species is one of the common and characteristic forms of the 
Barstow fauna. It is known by abundant antlers, a large portion 
of a skull, numerous parts of jaws with teeth, and many portions 
of the skeleton. 

The antlers, as shown in figures 113 to 117, vary from large speci- 
mens with the tines dividing nearly evenly and relatively high 
above the base, to specimens in which the antler forks only a short 
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distance above the base. Though two types, the long antlers and 
the short antlers, can be recognized, they intergrade and evidently 
represent one species. The beam is commonly much flattened 
below the point of division. Only rarely in the highest antlers is 
the shaft nearly circular in cross-sections well above the base. In 
many cases the two tines are nearly equal. Usually there is a 
noticeable difference. 

The burr is present in many specimens. It 1s commonly near 
the base of the horn. In some of the forms with the longest, most 
slender beam it may be more than an inch above the base. It is 
absent from many specimens. It may be situated immediately 
below the forks or may be far below them. In one specimen, no. 
21488 (fig. 117), there is a burr on each tine above the division. 
In the specimen showing the skull the portion of a horn attached 
shows the burr about one-half an inch above the orbit. 

In skull specimen no. 21551 (figs. 1254, 1254) the characters are 
near those of the fine specimen of Merycodus osborni, figured and 
described by Matthew.* 3 

In the Barstow species the brain case seems narrower, the orbits 
a little less prominent, and the antlers are situated a little farther 
forward on the orbit than in M. osborni. 

The frontoparietal suture in M. osborni is almost identical in posi- 
tion with a line connecting the posterior sides of the antler bases. 
In the Barstow species the suture bows far back of the antler bases. 

The mandible of the Barstow form has approximately the dimen- 
tions of the forms figured by Cope* and referred to M. necatus, 
and the dimensions of the inferior cheek-tooth series are also simi- 
lar. The maxillary is known only by small fragments. 

The degree of hypsodonty of the molars is greater than in the 
Virgin Valley forms, so far as known, and much less than in the 
Pleistocene Capromeryx. Ms has a strong hypoconulid lobe, which 
in some cases (no. 21490, fig. 130) approaches the size of the second 
or hypoconid-entoconid segment of the tooth. No suggestion of 
division of the posterior lobe of M; has been noted more than the 
presence of a faint concavity on the posteroexternal side of the third 
lobe (figs. 129, 130). The inferior premolars (figs. 128 and 1312) 
are moderately hypsodont. The posteroexternal fold is generally 
strongly marked almost to the base of the tooth. 


33 Matthew, W. D., Bull. Am. Mus. Nat. Hist., vol. 20, p. 106, 1904. 
%4 Cope, E. D., U. S. Geog. Surv. West of 100th Meridian, vol. 4, p. 82, 1877. 
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The upper cheek-tooth dentition is represented only by scattered 
teeth (figs. 126, 127) which do not differ materially from those of 
the form from the Santa Fé beds referred to M. necatus by Cope. 

In the milk dentition Dm, possesses a large anterior lobe at least 
equaling that of Capromeryx in relative size compared with the 


middle lobe. 
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Fics. 118 to 120. Merycodus, sp. Metapodials and digit, no. 22502, X 3. Fig. 118, 
distal end of anterior cannon bone; fig. 119, distal end of posterior cannon bone; fig. 120, 
phalanges of digit. Barstow Miocene, Mohave Desert, California. 


Fic. 121. Merycodus, sp. Distal end of anterior cannon bone and digit, no. 22499, 
X 3. Barstow Miocene, Mohave Desert, California. 


Fic. 122. Merycodus, sp. Calcaneum, no. 22501, X 3. Barstow Miocene, Mohave 
Desert, California. 


Fic. 123. Merycodus, sp. Astragalus, no. 22500, X 3. Barstow Miocene, Mohave 
Desert, California. 


Fics. 124¢ anp 1244. Bovid. Axis, no. 21499, X 3. Fig. 1242, ventral view; fig. 1244, 
anterior view. Barstow Miocene, Mohave Desert, California. 


The limb elements are represented by numerous scattered bones 
of the manus and pes with portions of the larger bones. 

The metapodials are not distinctly different from those of Mery- 
codus osborni figured by Matthew. The ungual phalanges are 


% Matthew, W. D., Bull. Am. Mus. Nat. Hist., vol. 20, pp. 117, 120, 1904. 


Fies. 1254 anp 1254. Merycodus, sp. Skull, no. 21551, X 3. Fig. 1252, lateral view; 
fig. 1254, dorsal view. Barstow Miocene, Mohave Desert, California. 


Fics. 126 ro 132. Merycodus necatus? Leidy. Superior and inferior teeth, natural size. 
Fig. 126, M1 and M?, no. 22504; fig. 127, M?, no. 22506; fig. 128, jaw fragment with P3 to 
My, no. 22507; fig. 129, Ms, no. 22505; fig. 130, Ms, no. 21490; figs. 131¢ and 1314, fragment 
of mandible with inferior molars and Py, outer and inner views of mandible and teeth, no. 
22503; fig. 132, fragment of mandible with Dmy, no. 21491. Barstow Miocene, Mohave 
Desert, California. 
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sharply pointed anteriorly, and do not show the Roman-nose form 
seen in the Pliocene antelopes of Thousand Creek and to some 
extent in Capromeryx. 

An axis, no. 21499 (figs. 124a, 1246), from the Barstow is nearly 
identical in form and dimensions with the axis of Capromeryx from 
the Pleistocene of Rancho La Brea. The spout of the Barstow 
specimen is extended almost as far up on the sides as in Capro- 


ee 134 
Fic. 133. Merycodus necatus? Leidy. Antler, no. 19832, X 3. Barstow Miocene, Mo- 
have Desert, California, 


Fic. 134. Merycodus necatus? Leidy. Antler, no. 22494, X 3. Barstow Miocene, Mo- 
have Desert, California. 


meryx, the Barstow form being in this respect possibly a trifle less 
advanced. 
MERYCODUS? coRONATUS Merriam 


M(?). coronatus Merriam. Univ. Calif. Publ., Bull. Dept. Geol., vol. 7, pp. 
335-339, 1913. 


The type specimen, consisting of a single fragmentary horn or 
antler, no. 20052, found by Buwalda and Mourning in 1913, repre- 
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sents a horn or antler of peculiar type, unlike any form known to 
the writer. 

Specimen 20052 consists of a part of the beam, which divides into 
two nearly equal branches diverging almost horizontally. Upon 
the nearly even superior surface of the branches are a considerable 
number of small spikes or papillae. Of the two branches, one is 
projected approximately in the plane of the flattened beam. The 
other branch curves rather sharply away from this plane (fig. 
1354). The branch bending away from the plane of the beam is 
the smaller. A number of the superior spikes or papillae bend out 
at a low angle from the convex side of the curve formed by the two 
branches. It seems probable that the plane of the beam was an- 
teroposterior rather than transverse to the skull, and that the 
papillae on the convex side of the bow are on the outer or lateral, 
rather than on the inner side of the horn. If the smaller of these 
two horizontal branches is the anterior, this is the right horn. 

The spikes or papillae on the upper side of the horn are in two 
rows. There are six on the concave side, and four on the convex 
side. ‘The inner six are arranged in three pairs. Of the outer 
four there is a single large spike opposite the posterior inner pair 
and a similar one opposite the space between the anterior and mid- 
dle inner pairs, and a pair of papillae arising from a common base 
opposite the middle inner pair. The inner papillae are nearly erect, 
excepting the most anterior one. The papillae on the outer side 
are directed outward at a low angle. Judging from the single 
specimen available, the anterior branches of the right and left horns 
of this animal curved in toward each other over the face, the other 
branches extended backward and slightly inward, making a crown- 
like or horseshoe-like structure above the head. 

Specimen 20052 resembles most nearly the horn or antler of 
Merycodus, which it also approaches in size, and to some extent in 
the texture of the horn. It differs from Merycodus in the form of 
branching, and in the presence of the double row of superior spikes. 
The texture of the surface of specimen 20052 differs somewhat from 
that of any of the numerous Merycodus horns available from the 
Barstow Miocene. It is possible that the contrast is due in part 
to condition of weathering, but it seems partly due to difference in 
structure. 
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Fics. 1354 To 135¢. Merycodus? coronatus Merriam. Antler, no. 20052, natural size. 
Fig. 1352, outer side; fig. 1354, dorsal view; fig. 135c, medial side. Barstow Miocene, Mo- 
have Desert, California. 
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The peculiarities of specimen 20052 may be accounted for on the 
assumption that it is a “sport’’ or “monstrosity” of Merycodus 
necatus, a common form in the Mohave region. A large number of 
Merycodus horns have been found in the Barstow, but on no other 
specimen has there been noted any suggestion of the form seen in 
no. 20052, so that there was no common tendency to aha this 
type of aii. 

For the present it is desirable to recognize this form as hetinet 
from other species and probably nearest to Merycodus. 


136 


Fic. 136. Dromomeryx or Cervus?,n. sp. Dmg and Mi, no. 21218, natural size. Barstow 
Miocene, Mohave Desert, California. 

Fic. 137. Dromomeryx or Cervus?, n. sp. Inferior teeth, no. 21219, natural size. Bar- 
stow Miocene, Mohave Desert, California. 


CERVIDAE 
DROMOMERYX Of CERVUS?, N. sp. 


Two jaw fragments with teeth from locality 2057, in the Barstow 
syncline, represent a form near Dromomeryx, but apparently more 
advanced than any described American form. 

A fragmentary specimen, no. 21218 (fig. 136), shows Dm, and 
M;. Both teeth resemble Dromomeryx in general form. They 
have the exceedingly rough enamel, the inner cusp between the 
protoconid and hypoconid pillars, and the shelf of the cingulum 
found in Dromomeryx. ‘The dimensions of M, are near those of 
specimens of Dromomeryx from the Snake Creek beds of Nebraska. 
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They differ from Dromomeryx in entire absence of the palaeomeryx 
fold, and in the greater length of M, than in the Dromomeryx speci- 
mens known to the writer. 

This specimen may conceivably be a representative of the 
Dromomeryx group with relatively high crown and reduced palaeo- 
meryx fold. Matthew and Cook*® describe a somewhat similar 
form from the Snake Creek beds of Nebraska. 


MEASUREMENTS OF No. 21218 


Dm,, anteroposterior diameter along middle of crown................ 14.6 mm 
Dingathansverse diame tera crossiy,poconidere een e els ania 12 
Mi, anteroposterior diameter along middle of crown................. 18 
WMieithansvierseraiametetya cross iy POconidaasr rare nnn nn ntn rr 14.1 
Mu, height of crown on slightly worn protoconid pillar............... 19 
RICARDO FAUNA 
Reptilia Equidae 
Testudinate remains Hipparion mohavense Merriam 
Carnivora Hipparion mohavense _ callodonte 
Canid, small, near Canis? vafer Leidy Merriam 


Aelurodon? aphobus, n. sp. 
Aelurodon?, possibly aphobus, n. sp. 
Aelurodon?, n. sp. 4 

Aelurodon?, n. sp. 4 

Aelurodon or Tephrocyon, sp. ¢ 
Aelurodon or Tephrocyon, sp. d 
Mustela? buwaldi, n. sp. 


Ischyrosmilus osborni, n. gen. and sp. 


Felid, large 

Felid, small, not {sebnyosimthas 
Rodentia 

Lepus?, sp. 
Proboscidea 

Tetrabelodon?, sp. 


Hipparion, sp. a 
Hipparion, sp. 4 
Pliohippus tantalus Merriam 
Pliohippus fairbanksi Merriam 
Pliohippus, sp. near mirabilis (Leidy) 
Oreodontidae 
Merycochoerus? (Pronomotherium?) 
californicus, n. sp. 
Camelidae 
Procamelus, sp. @ 
Procamelus, sp. 4 
Pliauchenia, sp. 
Alticamelus?, sp. 
Bovidae 
Merycodus, near necatus Leidy 


RELATION OF THE RICARDO FAUNA TO ITS ENVIRONMENT 


The beds in which the Ricardo fauna occurs were evidently de- 
posited on plains lying at the eastern base of a late Tertiary Sierra 
Range rising to a height of several thousand feet above the level of 
the Mohave area. The elevation of the region as a whole was 
probably not greater than at present and may have been somewhat 


less. The Ricardo deposits are probably in part land-laid, and in 


% Matthew, W. D., and Cook, H. J., Bull. Am. Mus, Nat. Hist., vol. 26, p. 409, 1909. 


1208 PUBLISHED PAPERS AND ADDRESSES 


part water-laid. The volcanic materials which they contain may 
at times have accumulated rapidly, but seem in general to have 
been deposited so slowly that the region was nearly continuously 
habitable. 

The Ricardo fauna consists largely of forms that would naturally 
prefer to inhabit plains areas, or might thrive in partly open, level 
regions at least as well as in other environment. AHipparion, 
Pliohippus, the camels, and Merycodus would find this a favorable 
habitat. The carnivores associated with them would not neces- 
sarily find the surroundings unfavorable provided sufficient cover 
were available. The mastodons and oreodonts might inhabit the 
plains or frequent the border of the mountain area to the west. 
There are no elements in the Ricardo fauna which are necessarily 
considered as representatives of a forest or mountain assemblage 
washed or carried out to the plains. 

The Ricardo fauna suggests climatic conditions permitting the 
development of vegetation suitable for grazing animals. This indi- 
cates a somewhat heavier growth of grass than is found in this 
region at the present time. There is nothing in the constitution of 
the fauna to suggest conditions radically different from those ob- 
taining in this region today, but the presumption is in favor of less 
extreme aridity than is now known on the western border of the 
Mohave Desert. The conditions prevailing in this region in Ri- 
cardo time were probably not widely different from those now 
obtaining in the southern portion of the Great Valley of California. 


STAGE OF EVOLUTION AND RELATIONSHIPS OF THE RICARDO 
FAUNA 


RELATION TO TERTIARY FAUNAS OF THE GREAT Basin PROVINCE 


The fauna of the Ricardo beds is widely different from that of the 
Middle Miocene Mascall and Virgin Valley, and is distinctly more 
progressive or later than that of the Upper Miocene Barstow. It is 
quite different from the Pliocene of Thousand Creek and is evi- 
dently less advanced. It differs also so far as known from the 
Rattlesnake Pliocene, and is presumably somewhat older. 

Comparison of the Ricardo and Barstow faunas as shown in the 
following table shows almost complete specific separation of the two 
life assemblages, and considerable difference in the genera, espe- 
cially in the Equidae, the best known group. 
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COMPARATIVE TABLE OF RICARDO AND BARSTOW FAUNAS 


Ricarpo Fauna 


Testudinata 


Fragments, indet. 


Carnivora 


Canid, small, near Canis? vafer Leidy 
Aelurodon? aphobus, n. sp. 
Aelurodon?, possibly aphobus, n. sp. 
Aelurodon?, n. sp. a 

Aelurodon?, n. sp. 4 

Aelurodon or Tephrocyon, sp. ¢ 
Aelurodon or Tephrocyon, sp. d 
Mustela? buwaldi, n. sp. 
Ischyrosmilus osborni, n. gen. and sp. 
Felid, large 

Felid, small, not Ischyrosmilus 


Rodentia 


Lepus?, sp. 


Proboscidea 


Tetrabelodon?, sp. 

Equidae 

Hipparion mohavense Merriam 

Hipparion mohavense callodonte 
Merriam 

Hipparion, sp. 2 

Hipparion, sp. 4 

Pliohippus tantalus Merriam 

Pliohippus fairbanksi Merriam 

Pliohippus, sp. @ near mirabilis (Leidy) 


Oreodontidae 
Merycochoerus? (Pronomotherium?) 
californicus, n. sp. 


Camelidae 


Procamelus, sp. 4 
Procamelus, sp. 4 
Pliauchenia, sp. 

Alticamelus?, sp. 


Bovidae 


Merycodus, near necatus Leidy 


Barstow FAuNnA 


Testudinata 
Testudo mohavense, n. sp. 
Aves 
Buteo, sp. 
Carnivora 
Canid (Canis?), sp. small 
Tephrocyon, near temerarius (Leidy) 
Aelurodon, near wheelerianus Cope 
Aelurodon, Dinocyon, or Amphic- 
yon, sp. 
Canid, indet. 
Machaerodont, sp. 4 
Machaerodont, sp. 4 
Machaerodont, sp. ¢ 
Felid?, indet. 
Pseudaelurus, sp. 
Rodentia 
Lepus?, sp. 
Proboscidea 
Tetrabelodon?, sp. 
Equidae 
Hypohippus, near affinis (Leidy) 
Parahippus? mourningi Merriam 
Merychippus (Protohippus) inter- 
montanus Merriam 
Merychippus _calamarius 
dontus, n. var. 
Merychippus sumani Merriam 
Protohippus? or Pliohippus?, sp. 
Suidae 
Prosthennops?, sp. 
Oreodontidae 
Merycochoerus? buwaldi, n. sp. 


stylo- 


Camelidae 
Procamelus, sp. 4 
Procamelus, sp. 4 
Pliauchenia, sp. 
Alticamelus?, sp. 
Cervidae 
Dromomeryx or Cervus?, n. sp. 
Bovidae 
Merycodus necatus ? Leidy 
Merycodus? coronatus Merriam 
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In nearly all cases in which it has been possible to make a satis- 
factory comparison of forms representing similar groups in the two 
faunas, the Ricardo types are seen to be more specialized. In the 
Carnivora the common Tephrocyon of the Barstow seems to have 
disappeared. Specimens showing some resemblance to Tephrocyon 
are not clearly comparable to any Barstow species. The aeluro- 
dons, which are the characteristic canids of the Ricardo fauna, 
seem to be mainly, if not entirely, distinct and are generally more 
specialized. 

In the Equidae the abundant Merychippus fauna accompanied by 
rare Hypohippus, Parahippus, and possibly Protohippus or Plio- 
hippus of the Barstow is replaced in the Ricardo by a group con- 
sisting of specialized Hipparion and Pliohippus species which may, 
in part, be derived from the earlier Barstow types. 

The only oreodont of the Ricardo is a Merycochoerus-like form 
specifically distinct from that of the Barstow and more advanced. 
The Ricardo camels include larger forms than those of the Barstow. 
The known difference between the Merycodus forms is small, as 
only fragmentary comparative material is available, but so far as 
determinable the Ricardo species seems more specialized. 

The general correspondence in groups but difference in species 
between the Ricardo and Barstow leads one to consider as prob- 
able the derivation of a considerable part of the Ricardo fauna 
from stocks near those represented in the Barstow. If this is true 
the difference in stage of evolution indicates that a considerable 
time must have elapsed between the deposition of the beds in which 
these faunas occur. [he amount of difference shown 1n comparison 
of these faunas does not represent less than one-third of the change 
ordinarily taking place within the limits of a geological period. If 
the Barstow is recognized as Upper Miocene, which seems unavoid- 
able, it is difficult to consider placing the Ricardo lower than the 
base of the Pliocene, or at the lowest, in the extreme upper limit of 
the Miocene. 

In comparison with the Cedar Mountain or Esmeralda fauna of 
western Nevada the Ricardo shows much the same relationship as 
to the Barstow. A few very fragmentary horse teeth from the 
Cedar Mountain region suggest the presence of a type more ad- 
vanced than those of the Barstow and nearer the Ricardo forms, but 
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the evidence is as yet unsatisfactory. It 1s possible that in addition 
to the typical Cedar Mountain fauna a later faunal stage is present 
in the Cedar Mountain region. 

Comparison of the Ricardo and Thousand Creek faunas is difh- 
cult because of absence of comparable material. The known Car- 
nivora of the Ricardo seem at least as progressive as those of 
Thousand Creek. In the Equidae the Ricardo Pliohippus species 
seem near the stage of evolution of the forms from Thousand Creek. 
The Ricardo hipparions differ generally from what we know of 
the Thousand Creek representatives in less compression of the 
protocone of the upper cheek-teeth. In this respect the Thousand 
Creek forms appear more progressive than those of Ricardo. 

Merycodus, so well represented in the Miocene, is known in the 
Ricardo but not at Thousand Creek. In the place of Merycodus, 
and possibly derived from it, we find in the Thousand Creek several 
advanced types of antelopes all unknown in the Ricardo. The oreo- 
dont group represented in the Ricardo is not known to be repre- 
sented at Thousand Creek. 

As a whole, the Thousand Creek fauna seems more advanced 
than that of the Ricardo. The difference may be due to geo- 
graphic variation or to earlier appearance in the Thousand Creek 
region of immigrants reaching North America in Pliocene time. It 
is probable that the difference between the Ricardo and Thousand 
Creek faunas is due in part to difference in stage of evolution, with 
the Ricardo as the earlier stage. It is not probable that this 
difference amounts to more than a small portion of a geological 
period. 

The relationship of the Ricardo and Rattlesnake faunas is pre- 
sumably similar to that between Ricardo and Thousand Creek, as 
the Rattlesnake and Thousand Creek faunas seem in general closely 
related. Such comparison as can be made suggests placing the 
Rattlesnake somewhat later than the Ricardo and near the position 
of the Thousand Creek. 

Within the Great Basin province the relationships of the Ricardo 
fauna so far as known seem somewhat nearer to the Rattlesnake 
than to any other fauna. The Ricardo represents a stage between 


the Upper Miocene Barstow and the Lower Pliocene Rattlesnake 
and Thousand Creek. 
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CoMPARISON WITH FAUNAS OF THE Paciric Coast PROVINCE 


In the sequence of late Tertiary faunas of the Pacific Coast 
province the Ricardo assemblage shows relationship to the faunas of 
the Chanac formation at the lower end of the San Joaquin Valley, 
the Lower Etchegoin or Jacalitos and the Middle Etchegoin of the 
North Coalinga region, and the Pinole Tuff-Orinda fauna of the 
San Francisco Bay region. 

The Chanac fauna includes hipparions, Merycodus, a rhinocerotid, 
rare remains of Protohippus, and possibly Pliohippus. As yet no 
horses have been found in the Chanac which seem to correspond 
specifically to Ricardo forms, but the dominance of hipparions 
approaching in characters one of the Ricardo species suggests 
similar time stage of the two faunas. As rhinoceroses are un- 
known in the Ricardo the presence of a member of this group in 
the Chanac may mean considerable separation of these two faunas 
in time, or may indicate difference in habitat. 

The presence of Hipparion in the lower Etchegoin and its failure 
to appear in the Middle Etchegoin may be taken to indicate closer 
approximation of the Ricardo to the lower division than to the 
middle or Pliohippus coalingensis zone. In the character of the 
Plhiohippus species the P. coalingensis zone fauna is not widely 
removed from that of Ricardo, but there seems in general reason for 
considering the Middle Etchegoin as near the Rattlesnake-Thou- 
sand Creek stage of the Great Basin province, and it is not improb- 
able that a fuller knowledge of the fauna may reveal types more 
advanced than those of the Ricardo. 

The Pinole Tufl-Orinda fauna as known by the best representa- 
tion from San Pablo Bay comprises an assemblage of forms sug- 
gesting the Thousand Creek, Rattlesnake, and Middle Etchegoin 
stages. It appears to be somewhat later than the Ricardo. In 
beds considered to represent a stage of the Orinda in the Contra 
Costa Hills Hipparion remains have been obtained representing a 
form specifically not distinguishable from Hipparion mohavense 
of Ricardo. Another assumed Orinda specimen, the type of Hizp- 
parion platystyle, closely approaches one of the large Ricardo 
Hipparion forms with somewhat compressed protocone. It 1s 
possible that the beds containing these Ricardo-like forms of the 


ee 
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Orinda are older than those on San Pablo Bay containing Plio- 
hippus species without associated Hipparion. 

In general the Ricardo stage is not far from That of the Pinole 
Tuff-Orinda, but may be somewhat earlier. 


CoMPARISON OF THE Ricarpo FauNnA WITH THAT OF THE AMERICAN 
TERTIARY OUTSIDE THE GREAT BASIN AND PACIFIC 
Coast PROVINCES 


The faunas outside the Great Basin and Pacific Coast provinces 
of western North America with which the Ricardo is most closely 
comparable are the Snake Creek, Republican River, Alachua, and 
Blanco. 

The Blanco Pliocene fauna of Texas resembles the Ricardo in 
the absence of horses of more primitive stage than Protohippus, 
and in the progressive stage of the carnivores and camels. The 
Blanco horses of the Pliohippus type appear more advanced than 
those of the Ricardo. Of the known Canidae Borophagus of the 
Blanco represents a very advanced stage, probably more progres- 
sive than any Ricardo form. No machaerodont cats are known 
in the Blanco, the only representative of the Felidae being a typical 
Felis. The only camels of the Blanco are referred to Pliauchenia, 
while the Ricardo forms seem to include Procamelus, Pliauchenia, 
and Alticamelus. The introduction of several edentates, including 
Glypotherium and Megalonyx, in the Blanco presumably indicates a 
later stage than the Ricardo, but the difference may be due to fail- 
ure of southern edentate immigrants to reach California as early 
as they appeared in Texas. 

The absence from the Blanco of typical aelurodons, machaero- 
donts, oreodonts, and merycodonts, taken with the presence of a 
variety of edentates and general advanced stage of the fauna, indi- 
cates that the Blanco is distinctly younger than the Ricardo. As 
the Blanco seems also younger than the Rattlesnake and Thou- 
sand Creek, which appear younger than the Ricardo, there is pre- 
sumably a considerable gap between these two southern faunas of 
Pliocene age. 

The Snake Creek fauna of western Nebraska contains many ele- 
ments which correspond closely to those of the Ricardo. In the 
Carnivora two forms of 4elurodon are represented which are near 
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the stage of evolution of certain species in the Ricardo. With 
Aelurodon there are, however, at Snake Creek, several Tephrocyon 
species corresponding to types of the Great Basin Upper or Middle 
Miocene. The Snake Creek Equidae comprise Protohippus, Plio- 
hippus, and Neohipparion of advanced types not less progressive 
than the Ricardo species. At Snake Creek there is also found 
abundant representation of the more primitive Merychippus, with 
Parahippus and Hypohippus. The remains of Merychippus make 
up over half of the collection of equid remains known from the 
Snake Creek. One of the common species of Merychippus is 
closely related to M. calamarius of the Santa Fé Upper Miocene. 

The oreodonts of Snake Creek and Ricardo are not easily com- 
parable, but may be near the same stage of evolution. The camels 
are also not widely different so far as can be determined. Dromo- 
meryx present at Snake Creek is not more advanced than a Barstow 
form, as is also the Merycodus of Snake Creek. Blastomeryx is 
present at Snake Creek and unknown in both the Ricardo and 
Barstow. The bovid form, Neotragocerus at Snake Creek is not 
known at Ricardo, and approaches more nearly the stage of the 
Thousand Creek antelopes. 

If it should appear that the Snake Creek represents more than a 
single faunal stage, one assemblage may be near the stage of the 
Ricardo or younger and one older.?” 

The Republican River fauna of northwestern Kansas repre- 
sents a stage recognized as near the beginning of the Pliocene. 
Matthew and Cook, who have made a most careful comparison of 
this assemblage with the Snake Creek, consider that moderniza- 
tion 1s more apparent in the latter.?”” The Republican River canid 
fauna contains only advanced forms of the Aelurodon or Dinocyon 
type. The felid forms are presumed to be machaerodont. The 
Equidae include Hypohippus, Protohippus, and Neohipparion. 
Two oreodonts, Merycochoerus and Merychyus, are present, with 
camels of the genera Procamelus and Pliauchenia. Dromomeryx 
and Blastomeryx are not represented. Considering that the two 
areas discussed are widely separated geographically, it would seem 


374 See Matthew, W. D., recently published review of Snake Creek fauna appearing while 
present article is in proof. Bull. Amer. Mus. Nat. Hist., vol. 38, pp. 183-185, 1918. 
47> Matthew, W. D., and Cook, H. J., Bull. Amer. Mus. Nat. Hist., vol. 26, p. 368, 1909. 
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to the writer that the Republican River may not be far from the 
stage of faunal evolution shown by the Ricardo. 

Relationship of the Ricardo to the Alachua of Florida is sug- 
gested especially by similarity of the Hipparion species. The 
American species most resembling the Ricardo hipparions include 
H. plicatile and H. ingenuum of the Archer beds, and H. venustum 
from Ashley River, South Carolina. This resemblance may be 
purely incidental, but possibly indicates a close genetic relationship, 
and approximately the same stage of early Pliocene for the beds 
in which these forms are found. 


DESCRIPTION OF FAUNA 
TESTUDINATE REMAINS 


Fragments of the shell of a large tortoise found in the Ricardo 
beds represent a form approximating the size of the large tortoises 
of the Barstow fauna. Several fragments of peripheral bones differ 
from those of Testudo mohavense of the Barstow in that the sulci 
between the dermal scutes are situated on prominent ridges, 
whereas in the Barstow form the sulci are sharply impressed and 
do not follow ridges. 


CARNIVORA 


The Carnivora of the Ricardo are in general quite distinct from 
those of the Barstow, and are also as a rule more progressive. The 
two faunas seem to have no forms in common, unless it be one 
of the canids and possibly one large cat. The genus Tephrocyon 
which forms an important part of the Barstow fauna is not cer- 
tainly known in the Ricardo. 

The Canidae are represented by a considerable variety of forms. 
These include a very small species like Canis? vafer; an Aelurodon- 


like form near 4. wheelerianus, but with heavier carnassial; a sec- 


ond Aelurodon-like type near 4. wheelerianus, but with different 
proportions of the mandible; a third very large Aelurodon-like 
form with massive molars; and species which may represent Tephro- 
cyon or small aelurodons. 

The cats include at least three types, one a machaerodont of the 
new generic group Jschyrosmilus; the other two forms are imper- 
fectly known. 
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A new mustelid constitutes the only other known carnivore of 
this fauna. 


CANID, small, near cANIS? VAFER Leidy 


Specimen no. 22319 (figs. 138a, 1384) from locality 2731 in the 
lower portion of the Ricardo represents a small slender-jawed dog 


j aM 
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Fics. 138¢ anp 1384. Canid, small, near Canis? vafer Leidy. Mandible, no. 22319, natu- 
ral size. Fig. 1382, lateral view; fig. 1384, dorsal view. Ricardo Pliocene, Mohave Desert, 
California. 


Fics. 1392 to 139d. Aelurodon or Tephrocyon, sp. D. Upper and lower teeth, no. 22320, 
natural size. Fig. 1392, P*, outer view; fig. 1394, P4, occlusal view; fig. 139c, jaw fragment 
with P. and P,; fig. 139d, heel of Mi. Ricardo Pliocene, Mohave Desert, California. 


not unlike Canis? vafer Leidy of the Fort Niobrara formation, and 
represented by a similar type in the Snake Creek Pliocene of 
Nebraska. 

The jaw is slender and the premolar teeth are fairly spaced. The 
lower canines are long and slender, the premolars are narrow. P» 


a 
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has a minute posterior basal tubercle. P, has a high, sharp prin- 
cipal cusp, with a prominent posterior cusp, a well developed basal 
tubercle or shelf, and a minute anterior basal tubercle. Unfor- 
tunately the molars are all imperfect. On M, the metaconid is 
well developed, the hypoconid is large and distinctly compressed 
laterally, the entoconid is relatively small but prominent. A 
fragment of a jaw apparently representing this species contains a 
portion of M2, and a small, two-tubercled Ms. 

Until we can examine material with complete lower carnassial, 
and showing more fully the structure of the other molars, it does 


Nu 


140a 


= . 140b 
143 141 
Fics. 1402 to 143. Canid?, indet. Limb elements, no. 22321, X }. Fig. 1402, scaphoid, 
dorsal view; fig. 140%, scaphoid, ventral view; fig. 141, metacarpal 5; fig. 142, first phalanx; 
fig. 143, caleaneum. Ricardo Pliocene, Mohave Desert, California. 


not seem possible to make a close reference of this interesting little 
canid. 
MEASUREMENTS OF No. 22319 


Length anterior side of canine to posterior side of Mi............... 47. 
LP, CIRO CORTE GhaNINEWEI, 6 din do coo Doman eodansougenboosdeadeac 3 
Pe amalitcLopostchondlametena serra airs arya yaya a) ste hala 6 
FMEA MICCEO DOSteM Ora lam c totam rae Misys aesey gras rey en Ue sete ayn saab at Ue 
Mi antchoposteniomma tamete teen ener enemy ney abit aie a3 
Winganiteroposterionidiame tet Ol neel ans arian eerie ei An ere et 4 


a, approximate. 
AELURODON! APHOBUS, N.. sp. 


Type specimen, an upper jaw with P*, M!, M?, and a portion of P*, no. 21507, 
from locality 2281 in the upper portion of the Ricardo beds in the Western El 
Paso Range, California. 


This specimen (figs. 1442, 1446) represents a very large canid 
with heavy crushing teeth. 

M1 is large with heavy protocone, and only moderately developed 
protoconule ridge. M?is a heavy tooth with large protocone ridge. 
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This tooth seems larger than in most specimens referred to 
Aelurodon. 

P‘ is a heavy tooth with much reduced deuterocone. The proto- 
cone and tritocone are broken so that the form can not be clearly 
seen. When the type specimen was first examined by the writer, 
shallow external and internal grooves on the anterior region of the 
protocone seemed to show the separation of a well marked proto- 
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Fies. 144¢ anp 1446. Aelurodon? aphobus, n. sp. Upper jaw with P*, M!, and M?, no. 
21507, natural size. Fig. 1442, lateral view; fig. 1440, occlusal view of teeth. Ricardo Plio- 
cene, Mohave Desert, California. 


style. In preparation of this tooth for study the region of the 
carnassial was damaged somewhat, and the grooves separating the 
protostyle region are no longer apparent. The construction of the 
anterior portion of the tooth is, however, much as in upper carnas- 
sials possessing an anterior style. 

The portion of P? present shows that this was a heavy tooth. 

The maxillary fragment shows no important characters. The 
infraorbital foramen is immediately over the anterior border of P*. 
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MEASUREMENTS OF No. 21507 


Samthansversena lame Ce mormiec lepyyny matte) sr nin) eae ceed ere 9 mm. 
Pewee nceropOsteniomalametenunnn riers eed iaciewt ey tla a eka tater S2i3 

Ee emthanisvelseretaime tetia CkOSS) PLOLOCONe ner ener Ener eer ae 15 

MEL emiara xOSBATIOKS ChAT? LG ooonasoodddadsooiedooesonboupeuseoe 21.4 
Niimtransversediametetn em saces wae ation, mi.ctas nioele chee Semele ss 28.7 

MZS transverserciametenrnursut esasetvane Wis ala ave x ticilts ellaaeaeei ete dae anise ls 18.2 


This form shows some resemblance to Dinocyon, but M? is smaller 
and P* narrower. It differs from Aelurodon wheelerianus in the 
larger size, less prominent protostyle and deuterocone of P*; larger 
inner lobe of M!; and larger M?. From JZ. saevus it differs in the 
much smaller deuterocone of P*; longer and heavier protocone lobe 
of M'!; and larger M?. 

Canis? ursinus, described by Cope** from a lower jaw obtained 
from the Santa Fé marl, is a canid with large M. and M;. The 
upper molars of the Ricardo specimen, no. 21507, are large and 
heavy and must have opposed a well developed crushing area on 
the heel of M; and on the tubercular lower molars. It may be that 
C.? ursinus and the Ricardo form are related or it is possible that, 
as Matthew*® has suggested, C. ursinus is really an Amphicyon. 
It is improbable that the Ricardo form is an Amphicyon. Though 
M? is a large tooth the form of the maxillary posterior to M? makes 
the presence of a M? improbable. 


AELURODON?, possibly APHOBUS, Nn. sp. 


A large lower jaw, no. 22470 (fig. 145), represents an Aelurodon- 
like canid from locality 2769 in the upper portion of the Ricardo 
beds. ‘This specimen includes the greater part of the mandible 
with Pi, Mi, and Mg, the teeth being badly worn and imperfect. 

The lower jaw is short, heavy, and the inferior side below the 
posterior end of the molar series is markedly convex. The teeth 
are massive and thick transversely. The heel of Mi; is short and 
wide. M: is considerably longer anteroposteriorly than the heel 
of Mu. 

The size and proportions of the dentition of specimen no. 22470 
suggest those of 4elurodon? aphobus and it is not impossible that 


38 Cope, E. D., U. S. Geol. Surv. West of 100th Meridian, vol. 4, p. 304, pl. 69, figs. 1 to 
15, 1877. 
39 Matthew, W. D., Bull. Am. Mus. Nat. Hist., vol. 16, p. 130, 1902. 
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this mandible represents an animal of the same type, possibly of 
the same species. 

The Ricardo jaw resembles Canis? ursinus Cope to some extent 
in massiveness of jaw and dentition, but the mandible may differ 
in proportions and the tooth proportions are quite different. In 
C.? ursinus the masseteric fossa extends forward to a point below 
the posterior end of M:, whereas in the Ricardo specimen this fossa 
does not reach farther forward than the posterior end of the alveolus 
of M;. In the Ricardo mandible the last premolar and the car- 
nassial are larger than in the type of C.? ursinus, whereas Mz 1s 
smaller, and M; was presumably smaller judging from the alveolus. 

The Ricardo form represented in no. 22470 was evidently a type 
with dentition specialized in a direction which gave relatively 


SSS 


Fic. 145. Aelurodon?, possibly aphobus, n. sp. Mandible, no. 22470, XK 3. Ricardo 
Pliocene, Mohave Desert, California. 


more emphasis to function of P, and the carnassial, although the 
crushing area of the molar series was large; while in C.? ursinus 
the use of the crushing area of the tubercular molars was relatively 
more important. 

In the importance of P, with M;, in the lower cheek-tooth series, 
in the tendency to especial massiveness of Ps, and to some extent 
in the form of the posterior half of the mandible, the Ricardo jaw, 
no. 22470, suggests the late Pliocene Hyaenognathus. ‘The Ricardo 
jaw is considerably longer than that of Hyaenognathus, but the most 
marked difference is found in the more specialized form of Ps of 
Hyaenognathus. In the Ricardo specimen Ps is apparently not 
radically different from a heavy Canis or Aelurodon tooth of this 
position. In Hyaenognathus P, is greatly broadened posteriorly, 
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and the principal cusp is extraordinarily enlarged. It is possible 
that Hyaenognathus is derived from the group to which the Ricardo 
species belonged. It may be noted that the upper dentition of 
A.? aphobus, to which it has been suggested that the Ricardo 
mandible, no. 22470, may be referred, is quite different from that 
of Hyaenognathus (Porthocyon) dubius with which the mandible of 
the type of Hyaenognathus has been compared. 


CoMPARATIVE MEASUREMENTS 


C?. ursinus 

No. 22470 type 
Height of mandible below posterior end of Mi............. 44 mm. 45 
Length of dentition from anterior side of P, to posterior 

SiG CkO tH VIG ye NeeM pee PARE Hisar avian C4 fait el Macponale ats a. 4 73 a64.5 

Panteroposteniomalame ter prvi senile iri iain sete on DORE, ai7 
Mh, AAGAOOMCAVOT CHANNAKy oo Sobbdadsdoancaboooodedsur 36.5 31 
Mia nitero postemotalameteroimlnecly- ere) mney: ie a9 
Miniereatestitransverserdiametem ot nee! aaa eee er IS.7/ 
Min, AintwaRo ROSMA TOL GHANA, 64 ooddodcoonneogonuoo0odnad ALS) 683 20 


a, approximate. 
AELURODON?, n. sp. A 


A portion of a lower jaw, no. 21225 (figs. 1462, 1464), represents 
a heavy-jawed canid of a type similar to 4elurodon wheelerianus 
of the Barstow fauna but heavier, with much heavier and larger 
carnassial, and with smaller M,. This form is quite certainly a 
new species of the 4. wheelerianus type, but the writer prefers not 
to make this imperfect specimen the type. 

M, of no. 21225 is very large, exceeding the Barstow specimens 
considerably in anteroposterior diameter. Mb is represented by a 
small alveolus for the anterior root, and a very minute pit behind 
it which probably held the posterior root. There is no alveolus 
for M3. 


CoMPARATIVE MEASUREMENTS 


A. wheelerianus? 
No. 21225 No. 19455 


Ricardo Barstow 
Height of mandible below posterior end of Mi............ 32.7 mm. 435.5 
Thickness of mandible below posterior end of Mi.......... 2X0) 2 18 
Memantcropesterionaiametet errr y renesaeriane acetic aS oni «28.4 
ME wantchopostenomdianlctels samen tian ner mies isla a9 .6 10.3 


a, approximate. 
AELURODON?, Nn. sp. B 


A fragment of a lower jaw, no. 21317 (fig. 148), without teeth 
represents a canid species different from any of those reported from 
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Ficures 1464 To 153d represent forms from the Ricardo Pliocene, Mohave Desert, Cali- 


fornia. 

Fics. 146¢ anp 1464. Aelurodon?, n. sp. A, fragment of mandible, no. 21225, X 2, fig. 
1462, lateral view, fig. 1464, dorsal view; figs. 1474 and 1476, Aelurodon or Tephrocyon, sp. C, 
fragment of mandible, no. 21226, X 4, fig. 1472, lateral view, fig. 1474, dorsal view; fig. 
148, 4elurodon?, n. sp. B, fragment of mandible, no. 21317, X 3; figs. 149 and 150, Canid, 
indet., metapodials, natural size, fig. 149, no. 22509, fig. 150, no. 21312; fig. 151, 4elurodon?, 
sp., metapodial, no. 21497, natural size; figs. 152 to 1534, Aelurodon?, sp., metapodials, nat- 
ural size, fig. 152, no. 19809; figs. 1534 and 1534, no. 19810. 
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this fauna. This form is smaller and with lighter mandible than 
Aelurodon wheelerianus of the Barstow, and larger than Tephrocyon 
near ¢emerarius of that fauna. It most nearly resembles 4. wheeler- 
janus, and is tentatively referred to 4elurodon. 


CoMPARATIVE MEASUREMENTS 
No. 21317 No. 19455 


Ricardo Barstow 
Height of mandible below protoconid of Me................ MOO Tavis, GBH 
Thickness of mandible below protoconid of Mg............. 00 18 
Anteroposterior diameter.of alveolus of Me................ 12.8 10.3 


a, approximate. 
AELURODON Of TEPHROCYON, Sp. C 


A portion of a lower jaw, no. 21226 (figs. 1472, 1474), represents a 
canid form much smaller than the three types referred tentatively 
to Aelurodon, and certainly specifically different. The mandible 
is heavy and thick, and the fragment of the carnassial , present 
seems to have a heavy crushing heel. The form is probably an 
Aelurodon or Tephrocyon as yet undescribed. 


MEASUREMENTS OF No. 21226 


Eleisitoimmancillelbelowsheelots Maneanrnn neice eee: 23.7 mm. 
iihicknessiofimandiblebelowsheelvof;Matass.esa-- eee ese elo 11.9 
Miwanteropostenioradiameteheener i). tleyerael tsi) aeriin et eee a23.5 
Maakchansverserdiamecer ofmieelemeansreriericraaicioicle eis cries sine 9.1 


a, approximate. 


AELURODON OF TEPHROCYON, Sp. D 


An interesting specimen, no. 22320, from locality 2733, in the 
lower portion of the Ricardo formation includes fragments of the 
skull with a portion of the dentition including the upper carnassial, 
P,, Ps, and the heel of M;. The upper carnassial is of the typical 
Aelurodon type with large, sharply separated protostyle. It repre- 
sents a form smaller than the better known 4elurodon forms, the 
animal having approximately the dimensions of the average speci- 
mens of Tephrocyon. The lower premolars (fig. 139c) are heavy, 
thick transversely, and with well developed cingulum. P, has a 
prominent posterior cusp with small but well marked anterior and 
posterior basal tubercles. P, has a prominent posterior cusp with 
well marked anterior and posterior basal tubercles. The heel of 
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M; (fig. 139d) shows the hypoconid and entoconid of approximately 
the same size. Both tubercles are low, and the heel has distinctly 
a crushing function. 

This specimen may represent a type of animal known in other 
material from this region and referred to 4elurodon in the descrip- 
tions above. 


LIMB ELEMENTS 


A number of limb elements representing canid forms from the 
Ricardo beds are presumably to be referred to some of the species 
described above from jaws and teeth. 

Two very large specimens, nos. 21312 and 22509 (figs. 149, 150), 
possibly represent Aelurodon? aphobus. A smaller specimen, no. 
21497 (fig. 151), is possibly the undescribed form 4elurodon, n. sp. A. 

The distal end of a femur, no. 21314, may represent an 4elurodon 
or Tephrocyon species. 

In specimen no. 22321 (figs. 140¢ to 143), found associated with 
parts of a skull and dentition, no. 22320, at locality 2733, there is 
represented a considerable portion of a foot with short, rather 
heavy, strongly curved, cat-like metacarpals. In this specimen 
the proximal end of metacarpal III shows characters not unlike 
those of specimen no. 22289 from the Cedar Mountain Miocene of 
Nevada. Only a proximal end is preserved. The facet for articu- 
lation with the magnum is not as deeply curved as in the puma, 
but the median proximal facet for articulation with metacarpal 
II is raised relatively high, and has nearly the same position as 
this facet in the puma. This facet is, however, not as large as in» 
the puma and is not as well developed on the posterior side. Be- 
hind the excavation below the median facet for articulation with 
metacarpal II there is a small round facet also for contact with 
metacarpal II. The writer has not seen this facet in the Canidae. 
It is not present in the puma, the sabre-tooth, or in Felis atrox. 
On the external side the lower excavated face for contact with 
metacarpal IV is not as deeply cut as in the cats, but is deeper 
than in 4enocyon dirus. ‘The upper portion of the facet for con- 
tact with metacarpal IV is broken anteriorly. Unfortunately the 
writer has not had good material of 4elurodon immediately avail- 
able for comparison. 
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MUSTELA? BUWALDI, Ni. Sp. 


) Type specimen a lower jaw with P; to Mj, no. 21323, from locality 2282, Ri- 
' cardo beds, Mohave Desert, California. 


A lower jaw with the carnassial and all of the premolars from the 
_ Ricardo beds (fig. 154) represents a mustelid not known elsewhere 
in the Tertiary of the Great Basin province. 

P,; to Ps; are simple cones without accessory tubercles. P, has 
a posterior cusp. 

_ M, has a low mustelid or musteline type of crown. The proto- 
_conid and paraconid are nearly equal. The metaconid is promi- 
nent and sharply separated from the protoconid. The heel is 
long and basin-shaped. The hypoconid is fairly prominent. A 
long, curved posterointernal ridge connects posteriorly with the 
hypoconid and internally with the base of the metaconid. The 
external cingulum of M; is faintly marked on the heel, but is not 
visible on the outer side of the protoconid, although the teeth are 
but little worn. 


MEASUREMENTS OF No. 21323 


Mengthvanterormsides 1mtoypostenlonsigdes Vigan ae a aeeieies arse 26.9 mm. 
Pina NterOposterionadlame tcl ampere eit aakh ipa pcre A tiseowiciel sa 2.4 
osmaniteroposterionaiame tetany irre Miia lata iarein eon ar 4.5 

es gean tehopostenionalamme tetany ier aet ark treet eee ae 5 

Evan htCrOPOStCIONId atic Colyapye Macrae sacred ysis Sieve levels teyslav loyal « Oral 

Mj, EXER NONE TON CHANINAWAT, 6 o conoeoooebooooo dade adesoodedddabos YY) 

Mom lengthiotsheellonioutersidea errr Onr er nia vaeiericcil: 3 
IMaenwid chvofwhee [Rania aArai Rainn ine nad ea uNimyrlee Obevibaali eng ute g 3.9 


ISCHYROSMILUS Merriam 
lssxupds, strong; ouidn, knife 


Machaerodus? J. C. Merriam, Univ. Calif. Publ., Bull. Dept. Geol., vol. 4, 
p. 171, 1905. 

Ischyrosmilus Merriam, Univ. Calif. Publ., Bull. Dept. Geol., vol. 10, p. 524, 
1918. 


Type species Machaerodus? ischyrus Merriam from beds near McKittrick on 
the western border of the San Joaquin Valley, California. The type is known 
only by the mandible and inferior dentition. 

Mandible massive; flange clearly marked, relatively wide anteroposteriorly, 
slightly deeper than in Smilodon, not as strongly developed as in typical Machaer- 
odus; length of diastema much as in Machaerodus, but shorter than in Smilodon. 
P3 very small, and with one root. Py, with a single posterior cusp or with incipient 
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division of this cusp. My, without metaconid and heel. The group is known 
only from beds referred to the Pliocene. 


Ischyrosmilus differs from the Dinictis group in the absence of 
M., absence of heel and metaconid of Mi, great reduction of Ps, 
and in the relatively large size of the flange below the diastema. 
From Hoplophoneus it differs in the absence of heel and metaconid 
of M,, and in the somewhat greater anteroposterior diameter of 
the relatively shallow flange. From typical Machaerodus it differs 
in the greater reduction of Ps, and in the greater anteroposterior 
diameter of the relatively shallow flange. From Smilodon it differs 
in the shorter diastema, larger flange, and more simple form of the 
posterior lobe of Ps. This group is nearest Machaerodus, and may 
be considered as a subgenus under that division. The fact that 


Fic. 154. Mustela?, buwaldi, n. sp. Mandible with Pi to Mi, no. 21323, X 13. Ricardo 
Pliocene, Mohave Desert, California. 


two forms are found which resemble each other in the general char- 
acters through which they differ from other groups, though they 
are evidently different specifically, seems to require recognition 
in the classification; particularly is this desirable when the species 
thus distinguished are in a geographic province from which other 
Machaerodus species of similar age are not known. 

This genus approaches the Pleistocene Smilodon more closely 
than does any American Tertiary machaerodont thus far described. 
The characters of the lower dentition differ from those of Smilodon 
only in the less advanced development of the second posterior cusp 
of Ps. The presence of a small P; in Ischyrosmilus is not a distin- 
guishing character, as this tooth may be present and fully as large 
in Smilodon californicus. The mandibles of the two genera are 
distinguished by the greater elongation of the diastema region and 
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the slightly smaller flange in Smilodon. ‘This difference is presumed 
to represent correlation with the large upper canine in Smzilodon. 

Although Smzlodon 1s presumed to be derived from Machaerodus, 
as yet the former has been found only in the New World and the 
latter in the Old World, and no described form of Machaerodus 
furnishes the characters required in the ancestor of Smilodon. As 
Smilodon is an American genus, and the sabre-tooth is characteristic 
of America rather than of the Old World, this genus might be pre- 
sumed to be derived from an American Pliocene form. Of the 
known American forms Ischyrosmilus most nearly approaches 
Smilodon, and the similarity of the two genera is closer than is the 
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Fic. 155. Ischyrosmilus osborni, n. sp. Type specimen, mandible with dentition, no. 
19476, X ;9,. Ricardo Pliocene, Mohave Desert, California. 


resemblance of any Old World representative of the genus 
Machaerodus to Smilodon. This does not mean that Smilodon is 
derived immediately from IJschyrosmilus. The gap between the 
two is wide, and it is not improbable that [schyrosmilus represents 
only one specialized branch of a large division leading toward 
Smilodon. 


ISCHYROSMILUS OSBORNI, N. Sp. 


Type specimen, a portion of a left lower jaw with dentition, no. 19476, Univ. 
Calif. Col. Vert. Palae. From the Ricardo beds near Red Rock Cafion, California. 


The type specimen (fig. 155) represents a species most nearly 
related to Ischyrosmilus ischyrus from McKittrick, on the western 
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side of the San Joaquin Valley, California. The specimen of 
I. osborni represents the same portion of the mandible shown in 
the type of J. ischyrus, so that a close comparison can be made. 
This species differs from J. ischyrus in its smaller size, somewhat 
flatter anterior face of the symphysial region, much thinner or 
transversely narrower cheek-teeth, and in the division of the pos- 
terior lobe of P, into two cusps. 

The anterior end of the masseteric fossa in the specimen of 
I. osborni is much narrower vertically than in the type of I. ischy- 
rus, and suggests that the form of the jaw in this region may be 
found to be different in the two species. 

The incisors have lost the greater part of their crowns, but seem 
smaller and narrower transversely than in J. ischyrus. The canine 
is not represented. 

P; is known only by the root with a small portion of the crown. 
The root is small and round in cross-section, with no suggestion of 
division. 

P, resembles the corresponding tooth of I. ischyrus, excepting in 
the slightly larger size of the posterior lobe, and in its beginning 
division into two cusps. 


CoMPARATIVE MEASUREMENTS 


I.ischyrus I. osborni 
No. 8140 No. 19476 
Tulare? Ricardo 


Length from anterior side of I; to posterior side of Mi..... VRS Sranteoy, 101 
Length from anterior side of canine to posterior side of My.... 107 81 
Width of anterior face of symphysial region.............. 52 a36 
Depth of jaw across the middle of the flange.............. 58 44 
Depth of mandible below posterior end of Ps.............. STRS 32.3 
Wenethiotsintenionciascte maere leer aera ner En eee $15). 26.5 
Wiidthrotslivcransversely seer eee neha nen Pant sarin 4 Dee) 
Widithiofils transverselyatinensus cee unick Be cence 6.5 4 
Anteroposterior diameter of inferior canine............... 14.5 a10 
ENNIO OR AUIOT GhEVNACS? OLEH. osoac00000d0000000000000¢ ol a6.4 
Anteroposterior diameter of alveolus of Ps................ Seal 7 
IAnteroposterion diamete ty oipia senor ane een 20 16.7 
/Nntwaro xomEsnterr Charente OF IMInaooscncecccanseqondoooo: D3EO 24 
iiransverserdiametetsoty Viquennr ree rennin er aee 15 11 


a, approximate. 


M; is relatively large compared with Ps. This tooth and P, are 
both much thinner transversely than in the other species. There 
is no suggestion of a posterior heel or of a metaconid. A peculiar 
character exists in the extension of the concave face between the 
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bases of the protoconid and paraconid on the inner side of M, 
downward to the cinculum. There is no alveolus for Me, and as 
the specimen represents a relatively young animal without heel or 
metaconid on M, it is to be presumed that the second lower molar 
was not normally present. 

As in the case of Ischyrosmilus ischyrus, the Ricardo species 
shows resemblance to Machaerodus palaeindicus of the Indian 
Siwaliks in form of the mandible, shape of the flange, and length of 
the diastema. The Ricardo specimen and the type of J. ischyrus 
differ from the Siwalik form in the much reduced P3. In Machaero- 
dus palaeindicus according to Lydekker Pi possesses but a single 
posterior cusp as in J. zschyrus. In the Ricardo form the posterior 
cusp is divided by a sharp groove on the inner side, but the size of 
the two cusps combined in the posterior lobe of this tooth in the 
Ricardo specimen is scarcely greater than that of the single pos- 
terior lobe in the type of J. ischyrus. 


Fics. 156 anp 157. Felid, indet. Phalanges, X }. Fig. 156, no. 21222; fig. 157, no. 
21313. Ricardo Pliocene, Mohave Desert, California. 


FELID LIMB ELEMENTS 


Two phalanges, nos. 21222 and 21313 (figs. 156, 157), presumably 
represent different species. The former represents a large cat 
probably a machaerodont. No. 21313 is much more slender and 
may belong to a feline form. 


MEASUREMENTS OF PHALANGES 
No. 21222 No. 21313 


Greatestlenpehnn ome eu ences J eyeraiat hyve) aueva as aE Sie opm: 36.5 
Greatestiwidtheat, proximalvendiaa merrier ie SS) i) 
Weastuthansversevdiame tern) nt Manmines. ter vaianb area 33S) 9.1 


FELID?, indet. 


A fragment, no. 21696, representing the posterior end of a man- 
dible from Ricardo is from a large form of the type represented in 
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the Barstow fauna by a similar fragment, no. 21571. The Ricardo 
specimen is almost identical in its character with the form known 
from the Barstow fauna, but is slightly larger. The position of 
the angle indicates a character of the feline rather than a machaero- 
dine group if this form is a felid. The angle is farther removed 
from the condyle than in the more specialized machaerodine forms. 
It is also almost immediately below the posterior side of the base 
of the coronoid process, whereas in the specialized machaerodine 
forms the angle is situated below the outer end of the condyle. 


RODENTIA 


A small astragalus, no. 21496, like that of a jackrabbit, from 
locality 1805 in the Ricardo, represents a rodent type near Lepus 


N 


1584 159 158b 


Fics. 1584 To 159. Lepus? or Hypolagus?, sp. Fig. 158a, incisor, no. 22337, X 2. Fig. 
1584, upper tooth, no. 22338, X 2; fig. 159, calcaneum, no. 22336, natural size. Ricardo 
Pliocene, Mohave Desert, California. 


or Hypolagus. Other material, possibly of this form, is shown in 
figures 158¢ to 159. 


PROBOSCIDEA 
TETRABELODONS, sp. 


A number of fragments of a large mastodontine form were ob- 
tained in the Ricardo beds. 

A considerable portion of a lower jaw, no. 22681 (fig. 160), shows 
the character of the lower molar teeth, and a portion of the sym- 
physial region. The symphysis is elongated and the cross-section 
of the lower tusk indicates that it was of considerable size. The 
pattern of the lower cheek-teeth is that of an early Pliocene or late 
Miocene type with comparatively simple outlines of the tubercles 
or transverse ridges, but with secondary tubercles in the space 
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between the transverse ridges. A piece of an upper tusk shows a 
portion of an enamel covering. A small lower incisor (no. 21318, 
fig. 162) has a portion of the enamel band still intact. 


Sean — = 


SS 


Fic. 160. Tetrabelodon?, sp. Mandible, no, 22681, lateral view, X .225. Ricardo 
Pliocene, Mohave Desert, California. 


162 
Fics. 161 anp 162. Tetrabelodon?, sp. Lower cheek-teeth and incisor, X .475. Fig. 
161, no. 22681; fig. 162, no. 21318. Ricardo Pliocene, Mohave Desert, California. 


EQUIDAE 


The horse group is known in the Ricardo fauna by several clearly 
marked species representing the genera Hipparion and Pliohippus. 
The Ricardo horses are as a group much more advanced than the 
Barstow species. A single Pliohippus-like specimen from Ricardo 
is to be considered as possibly not more progressive than a rela- 
tively very rare form from the Barstow, otherwise all of the Ricardo 
forms seem more advanced than those of the Barstow. 
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The Pliohippus species of the Ricardo resemble in structure a 
number of early Pliocene or late Miocene forms appearing in vari- 
ous faunas of western North America. The Hipparion forms of 
Ricardo show at least as close a resemblance to the species of Asia 
and Europe as to any in the known American faunas. 


HIPPARION MOHAVENSE Merriam 
Ficures 163 to 170d 


Hipparion? mohavense Merriam. Univ. Calif. Publ., Bull. Dept. Geol., 
vol. 7, p. 436, figs. 1a to 34, 1913. 


Type specimen an upper premolar three, no. 19787 (fig. 167), associated with 
M! and M?, from the Ricardo beds, in the El Paso Range, northwestern border of 
the Mohave Desert, California. 

Upper cheek-tooth crowns nearly straight, length a little more than twice the 
transverse diameter in unworn specimens. Protocone small, subcircular or 
slightly compressed laterally in the type material, separate from protoconule 
almost to the base of the crown. Enamel bordering the fossettes with numerous 
plications which commonly show rounded rather than angular terminations. 
Middle region of outer side of paracone and metacone commonly flat. Mesostyle 
narrowing very gradually beyond the base. Cement covering well developed. 

Lower cheek-teeth with metaconid-metastylid column long anteroposteriorly, 
narrow transversely, and showing a wide longitudinal inner furrow. The small 
fold commonly seen on the anteroexternal angle of the lower cheek-teeth of Hip- 
parion forms is present in several specimens. The enamel of the lower cheek- 
teeth shows a tendency to form secondary plications especially on the inner side 
of the parastylid ridge. The greatest transverse diameter of the lower cheek- 
tooth series is seen in Py, and commonly at the posterior end of that tooth. The 
crowns are all heavily cemented. 


Since the description of the type specimen the amount of material 
representing Hipparion mohavense has been much increased through 
the efforts of the parties working under J. P. Buwalda in December 
1913 to May 1915, and by several other parties. One fine speci- 
men discovered by Chester Stock includes the complete upper 
cheek-tooth dentition (no. 21320, figs. 163, 164). This specimen 
is evidently specifically identical with the typical form. The di- 
mensions are nearly the same as those of the type, the crowns of 
no. 21320 being relatively narrow due to less advanced wear. The 
plications of the enamel in no. 21320 are less marked than in the 
type, though the latter specimen is from an older individual. 
There is also seen in specimen no. 21320 a tendency to the forma- 
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tion of a slightly different pattern of the enamel folds at the pos- 
terointernal angle of the prefossette, and on the inner wall opposite 
the protocone. The type specimen was found to differ from Hip- 
parion richthofeni of China in the presence of a single fold in the 
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1682 168 . 


Fics. 168¢ anp 1686. Hipparion mohavense Merriam. Inferior cheek-teeth associated 
with type specimen, no. 19787?, natural size. Fig. 168¢, Pa; Fig. 1684, P3. Ricardo Plio- 
cene, Mohave Desert, California. 

Fic. 169. Hipparion mohavense Merriam. Ma, no. 21209, natural size. Ricardo Plio- 
cene, Mohave Desert, California. 

Fics. 170a anp 1706. Hipparion mohavense Merriam. Lower cheek-teeth, no. 21348, 
natural size. Fig. 1702, Pe; fig. 1704, Ps to Mz. Ricardo Pliocene, Mohave Desert, Cali- 


fornia. 


enamel wall opposite the protocone, while in H. richthofeni a double 
fold may appear at this point. In the specimen no. 21320 the fold 
may be double as in H. richthofeni. 

Several lower cheek-teeth associated with the type specimen (figs. 
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1682, 1684) of H. mohavense are Hipparion-like in form and cemen- 
tation of the crowns, in the form of the metaconid-metastylid 
column, in the plications of the enamel, and in the occasional pres- 
ence of the small antero-external fold. Several other specimens 
from the Ricardo show approximately the characters seen in this type. 

The Ricardo specimens exhibit considerable variation in size and 
form. The extremes of difference are probably those separating 
the type specimen from the complete dentition represented in no. 
21311 described below as Hipparion mohavense callodonte. ‘The 
gaps are partly bridged, but it is not improbable that two or more 
distinct species are represented. 


HIPPARION MOHAVENSE CALLODONTE Merriam 
Ficures 171 To 175 
H. m. callodonte Merriam, Univ. Calif. Publ., Bull. Dept. Geol., vol. 9, 
p. 54, figs. 5-7, 1915. 


Type specimen no. 21311, a practically complete upper and lower dentition 
from locality 2281, in the upper portion of the Ricardo Pliocene, near Ricardo 
Post Office, California. 


A finely preserved specimen (no. 21311, figs. 171-175) represent- 
ing all of the elements of the cheek-tooth dentition, and several 
incisors, was discovered by E. M. Butterworth in 1913. This speci- 
men shows the dentition very slightly worn, with M? not yet in 
function. ‘The upper cheek-teeth are slightly larger than those of 
the Hipparion mohavense specimen no. 21320. The protocone 
shows more marked transverse flattening, the enamel pattern ex- 
hibits more numerous folds, but fewer which are deep and well 
rounded. Much of the difference to which attention has just been 
directed is evidently due to the fact that the teeth of H. m. callo- 
donte are in a less advanced stage of wear. The difference in compli- 
cation of the enamel folds may not be explained on this basis. 

In specimen 21311 the complete lower cheek-tooth series is pres- 
ent with the upper series. P, shows incipient wear; M; was not 
yet in function. These teeth represent an individual somewhat 
larger than the type specimen of H. mohavense. ‘The enamel is 
markedly folded, though not as strongly as in some specimens of 
H. gracile. 

Incisor teeth associated with specimen 21311 (figs. 174, 175) 
show a strongly developed cupping of the enamel. 
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MEASUREMENTS OF No. 21311 
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HIPPARION, Sp. A 


A very large Hipparion P*, no. 22303 (fig. 176), found in the 
Ricardo beds between the uppermost and the second basalt flows 
differs so much from the typical H. mohavense in its large size that 
it may represent a distinct species. The pattern of the enamel 
suggests in some respect the Hipparion mohavense callodonte form. 


MEASUREMENTS OF No. 22303 


Beanteroposteniondiamcteleeraeeceeeaten ence corm cena caee ri: 35.6 mm. 
BARE ANS VELSeRGametenan ny Palais ae haiy als tar meacet oleae ee daretetectacsledens 22.8 


HIPPARION, Sp. B 


In the collection of Professor James Perrin Smith of Stanford 
University there is a M? (fig. 177) of a Hipparion from the upper 
portion of the Ricardo. This tooth is much narrower than M? 
of the type specimen of H. mohavense, while the enamel folds are 
less complicated and the protocone is more strongly compressed. 


Fics. 174 to 175. Hipparion mohavense callodonte Merriam. Incisor teeth, no. 21311, 
natural size. Ricardo Pliocene, Mohave Desert, California. 


178 


Fic. 176. Hipparion, sp. A. P%, no. 22303, natural size. Ricardo Pliocene, Mohave 
Desert, California. 
Fic. 177. Hipparion, sp. B. M2, natural size. Ricardo Pliocene, Mohave Desert, Cali- 
fornia. 
Fic. 178. Pliohippus?, sp. Incisor teeth, no. 22510, natural size. Ricardo Pliocene, 
Mohave Desert, California. 
1238 
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This form may be as near to the Tejon Hills Neohipparion, near 
molle,* as it is to Hipparion mohavense. It shows characters which 
possibly set it off as a species distinct from other forms of this 
genus known in the Mohave area. 


ComMPaRATIVE MEASUREMENTS 


Hipparion Neohipparion H.mohavense 
sp. 


near molle No. 21320 
No. 21781 
Chanac 
IMZsanteroposteniotmadiameters ener: 21.3 mm. 17.8 Bho) 
M2, transverse diameter at summit.......... 15.8 a12.8 20.2 
M?, height of slightly worn crown........... aA2 a40.5 45.6 


a, approximate. 
RELATIONSHIPS OF RICARDO HIPPARIONS 


The affinities of the Ricardo Hipparion species to the Old World 
forms cannot be determined with full satisfaction on the basis of 
dentition alone, but the relation between dentition and limb struc- 
ture in the Ricardo material is as yet so indefinite as to make com- 
parisons based upon dentition less dangerous than when combined 
with discussion of limbs of doubtful relationship. 

The hipparions from the Ricardo do not seem to correspond ex- 
actly in specific characters to any described American species known 
east of the Great Basin region. The nearest forms are found in 
the group of species including Hipparion plicatile and H. ingenuum 
of the Florida Pliocene, H. venustum of Ashley River, South Caro- 
lina, and Neohipparion occidentale of the Great Plains region. Of 
these H. venustum and H. ingenuum represent much smaller forms 
than those of the Ricardo. H. plicatile is slightly smaller than 
H. mohavense, the crowns seem somewhat shorter anteroposteriorly, 
the fossettes are smaller, and the outer faces of the paracone and 
metacone pillars are much more distinctly concave than in the 
Ricardo species. On the whole these three Atlantic Coast species 
differ more widely from the Old World hipparions than do the 
Ricardo forms. 

Of the American species grouped by Gidley under Neohipparion, 
N. occidentale shows tooth dimensions approaching those of the 
Ricardo specimens, but probably ranges to larger size than the 
Ricardo forms. Compared with Hl. mohavense the protocone of 


40 Merriam, J. C., Mammalian remains from the Chanac Formation of the Tejon Hills, 
California, Univ. Calif. Publ., Bull. Dept. Geol., vol. 8, p. 120, 1916. 
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N. occidentale is commonly much longer anteroposteriorly and 
much more compressed laterally, and the enamel bordering the 
fossettes generally shows less marked plications. The type of 
H. mohavense callodonte from Ricardo approaches the American 
Neohipparion more closely than does the typical material of H. 
mohavense. ‘The protocone is somewhat flatter, the enamel may 
show somewhat shallower plication in the upper molars, and the 
folds may be more distinctly angular. This specimen is not how- 
ever referable to any previously described American species, and it 
is near an Old World type. 

The closest affinities of Hipparion mohavense are evidently with 
the Old World species of the East Asiatic H. richthofeni, and the 
European H. gracile type, rather than with the typical American 
species grouped in Neohipparion. Even the form seen in H. 
plicatile of Florida is not as near the Ricardo species as are the 
Chinese and European representatives of this genus. 

According to Schlosser*! the upper cheek-teeth of H. gracile are 
commonly distinguished from those of H. richthofeni by a relatively 
short and broad posterior valley, a smaller and more nearly circular 
protocone, and by the form of the small fold of the inner wall 
opposite the protocone. In all of these characters H. mohavense 
is nearer to H/. richthofeni than to H. gracile. 

In the original description of Hipparion mohavense the writer sug- 
gested that diagnostic characters separating it from the Chinese 
hipparions in the upper molars were found in the form of the small 
fold opposite the protocone, and in the length of the molars. Addi- 
tional material now available shows that the small enamel fold 
opposite the protocone may have approximately the same form in 
the two species, though it probably tends to be more complex in > 
the Chinese form. The new material available for study indicates 
also that the difference in length of the cheek-teeth is very small. 
Measurements of the largest specimens of H. richthofeni are some- 
what greater in length of crown than in the Ricardo material, but 
the difference is slight. More noticeable than contrast in length 
of crown is the excess in area of the cross-section of the largest 
cheek-teeth of H. richthofeni. 

With the collections now available few if any clearly diagnostic 


‘1 Schlosser, M., Abh. d. Mat. Phys. KI. Bayr. Akad. Wiss., Bd. 22, S. 84, 1906. 
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characters in form or pattern of the Ricardo teeth designated as 
H. mohavense appear which may be considered as certainly sepa- 
rating them from the Chinese H. richthofeni. ‘The most suggestive 
differences between the two are in dimensions, but this variation is 
inconsiderable. Were the specimens examined not found so widely 
separated geographically as to make specific identity seem highly 
improbable, the writer would be inclined to include the Ricardo 
forms in the H. richthofeni group. Geographic situation and the 
suggested differences in dimensions make it practically certain that 
the Ricardo species is distinct from H. richthofeni, but the marvel 
is that the two approach so closely. It should be remarked in 
passing over this subject that some of the characters which have 
been used to separate H. richthofeni from H. gracile seem to disap- 
pear with the study of large collections. It is probable, however, 
that as these characters disappear others not previously observed 
will present themselves. 

In many respects Hipparion mohavense callodonte of the Ricardo 
Hipparion group resembles a type from the island of Samos, which 
has been referred to H. gracile. In this Samos form the protocone 
is much more strongly compressed than in typical H. gracile, and 
exceeds the degree of flattening in H. m. callodonte. The enamel 
folds are complicated much as in H. gracile, H. richthofeni, and 
H. mohavense. 


ORIGIN OF RICCARDO HIPPARIONS 


The close similarity of the Ricardo hipparions to the types in 
existence at approximately the same time in Asia and Europe is 
probably not to be explained on any hypothesis other than that of 
common origin. As the gap between Hipparion and the brachyo- 
dont horses seems more clearly bridged in America than in Europe, 
there is good reason for looking to America or some intermediate 
region for the ancestors of this group. Among the species as- 
sembled in the North American genus Merychippus there are a 
number of forms that are very close to Hipparion, and that seem 
in their evolution to trend directly toward that type. From avail- 
able evidence it appears probable that Hipparion is derived from 
the Merychippus group. 

With special reference to the origin of the Ricardo species it 
seems worth noting that there is present in the Upper Miocene 
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Barstow fauna of the Barstow syncline an advanced form of Mery- 
chippus differing but little from Hipparion. In the Barstow Mery- 
chippus the crowns are a little shorter, they are more strongly 
curved, the mesostyle is relatively heavier at the proximal end, the 
enamel folds are less complex, and the cement is a little less abun- 
dant than in H. mohavense. While it is improbable that the known 
Hipparion forms of the Ricardo fauna are descended directly from 
any known Hipparion-like species of Merychippus of the Barstow 
fauna, the proximity of the two in morphologic characters, geo- 
graphic situation, and in time, strongly suggest close relationship. 
Very much of the palaeontologic history of the Great Basin and 
Pacific Coast regions is still unknown. The portions that are not 
yet known vastly exceed the material available, and much of the 
Miocene record is still to be discovered. In the present state of 
our knowledge we may consider as reasonable the view that a line 
of descent may yet be traced from a form near a Barstow Mery- 


chippus to a Ricardo Hipparion. 


CoMPARATIVE MEASUREMENTS OF HIPPARION DENTITION 
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CoMPARATIVE MEASUREMENTS OF Hipparton DentTiTION—Continued 
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da, approximate. 


While we are as yet very far from a situation in which we can 
hope to establish anything like a fully satisfactory time correlation 
between the West American Tertiary formations and those of Europe 
or even of Asia, there are reasons for believing that the Ricardo 
fauna represents a time near the beginning of the Old World Plio- 
cene, and the Barstow fauna an epoch corresponding approximately 
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to Upper Miocene. If these suggestions are approximately cor- 
rect there is a possibility that the Old World hipparions are derived 
from an American stock of which the Ricardo group was a part. 
Or it may be that the Ricardo fauna was only a surviving remnant 
of this stock occupying a limited area on the Pacific border of the 
continent. The great number of American forms grouped under 
Neohipparion may be derived from an original typical Hipparion 
group, or they may have originated independently from another 
branch of Merychippus. The forms of the Florida Pliocene, includ- 
ing Hipparion plicatile, may be an Atlantic survival of the original 
American Hipparion group differing from the western forms partly 
because of geographic separation. 


PLIOHIPPUS TANTALUS Merriam 


Protohippus? tantalus Merriam, Univ. Calif. Publ., Bull. Dept. Geol., vol. 7, 
p. 440, figs. 4¢ and 44, 1913. 


Type specimen (fig. 189) an upper premolar, no. 19434, Ricardo beds, Mohave 
Desert, California. 

Crowns of upper cheek-teeth moderately curved. Unworn crowns probably 
with a longitudinal diameter exceeding twice the transverse measurement. Proto- 
cone connected with protoconule. Anterior and posterior fossettes wide, with 
enamel moderately folded on their adjacent borders. Mesostyle narrowing very 
slightly above the base, apparently somewhat heavier than in Phohippus mirabilis 
and P. supremus. 


A complete but somewhat worn, upper cheek-tooth dentition 
(no. 22308, fig. 179) from locality 2065 in the middle portion of the 
Ricardo section represents a Pliohippus form in which the proto- 
cone is relatively narrower transversely than in P. fairbanksi, and 
the fossettes are wider. While these characters may be due in a 
considerable part to wear, the specimen suggests P. tantalus rather 
than P. fairbanksi. 

Two practically complete series of lower cheek-teeth (figs. 180- 
182) from the lower half of the section at Ricardo represent a 
Protohippus or Pliohippus form, the relationship of which to the 
described upper cheek-teeth has not as yet been certainly deter- 
mined. ‘This species is apparently distinct from a larger, heavier 
type tentatively determined as P. fairbanksi. These less massive 
teeth, in which the metaconid-metastylid column is somewhat 
longer anteroposteriorly and the inner gutter wider than in the 
larger form, are referred tentatively to Pliohippus tantalus. Of 
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the two lower dentitions referred to P. tantalus, no. 21789 was 
found between the uppermost and the second basalt flows 23 miles 


Fic. 179. Pliohippus tantalus? (Merriam). Superior cheek-tooth series, no. 22308, 
lateral and occlusal views, natural size. Ricardo Pliocene, Mohave Desert, California. 
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north of Ricardo Post Office; no. 21790 was found by J. P. Buwalda 
about 500 feet below the lowest basalt flow and 400 feet above the 
base of the Ricardo beds, two miles above the mouth of Iron Cafion. 

In no. 21789 (figs. 180, 181) the moderately worn tooth crowns 
are long and heavily cemented. Compared with no. 21346, a large 
Pliohippus specimen from a much higher situation in the Ricardo, 
the crowns are relatively much narrower with approximately the 


182 (ws 


Fics. 180 to 182. Pliohippus tantalus? (Merriam). Inferior cheek-teeth, X %. Fig. 
180, Pz to Ma, no. 21789, occlusal view; fig. 181, Pu, no. 21789, outer view; fig. 182, Mi and 
Ma, no. 21790, outer and occlusal views. Ricardo Pliocene, Mohave Desert, California. 


same anteroposterior diameter. The metaconid-metastylid column 
in no. 21789 is noticeably narrower than in the later form. 

In no. 21790 (fig. 182) the characters seem much as in no. 21789, 
but the permanent teeth are shown by wear only in the case of 
M;. In no. 21790 the milk premolars are still in position, though 
almost worn away. The temporary teeth show a clearly marked 
cement deposit on the best preserved individuals. 
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Pliohippus tantalus is near P. supremus, in character of upper 
cheek-teeth, but seems to have wider fossettes with a different type 
of enamel folds. The mesostyle of the Ricardo type appears 
slightly heavier than that of the type specimen of P. supremus, 
which is a tooth of approximately the same size and of similar 
situation in the dental series. 

Upper cheek-teeth of Phiohippus from the Thousand Creek Plio- 
cene are near the stage of evolution in this Ricardo form, but the 
material from Thousand Creek is fragmentary, and a better repre- 
sentation of the species is needed before a thoroughly satisfactory 
comparison can be made. 

The Pliohippus forms from the Lower Etchegoin and Jacalitos 
of the Great Valley of California all have narrower upper cheek- 
teeth with smaller fossettes than in P. tantalus. 


PLIOHIPPUS FAIRBANKSI Merriam 


Pliohippus fairbanksi Merriam. Univ. Calif. Publ., Bull. Dept. Geol., vol. 9, 
p. 55, figs. 8¢-8¢, 1915. 


Type specimen (fig. 185) an upper cheek-tooth, P*?, no. 19789, from the Ricardo 
Pliocene near Ricardo Post Office, California. 

Crowns of upper cheek-teeth heavily cemented and strongly curved. Proto- 
cone small, nearly circular in cross-section in premolars. Anterior notch between 
protocone and protoconule sharp. Union of metaloph and protoloph commonly 
effected by confluence of the posterior horn of the protoconule and a crochet ex- 
ternal toit. Borders of fossettes simple. 


This species differs from Pliohippus tantalus mainly in form of 
protocone and fossettes. The protocone is of the short, round 
type seen in P. interpolatus, while that of P. tantalus is presumed to 
show more compression. The fossettes in the type specimen are 
narrow and more distinctly lunate than in P. ¢antalus, and do not 
show less marked plications of their walls. 

Specimen no. 21346 (fig. 183) representing the greater part of a 
Pliohippus \ower cheek-tooth dentition from the upper portion of 
the Ricardo shows the crowns larger and heavier than those from 
the lower and middle portion of the section referred to P. tantalus, 
and the metaconid-metastylid column presents a sharper, nar- 
rower, inner gutter. The form represented by no. 21346 is presum- 
ably distinct from the specimens referred to P. tantalus. It may 
be referred tentatively to P. fairbanksi, but possibly represents a 
third type in the Ricardo fauna. 
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Fic. 183. Pliohippus fairbanksi? Merriam. 
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Pliocene, Mohave Desert, California. 


ComMPARATIVE MEASUREMENTS 


P. to Py, no. 21346, natural size. 
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The upper cheek-teeth of Pliohippus coalingensis from the Lower 
Etchegoin on the western border of the San Joaquin Valley show 
rather narrow fossettes, a very small, round protocone, and a weak 
connection of protoloph and metaloph. The Etchegoin species has 
considerably narrower and less curved teeth than the Ricardo form, 
and is presumably specifically different. 

The crowns of upper cheek-teeth of Pliohippus from the Thou- 
sand Creek Pliocene show about the same curvature as in no. 
19789, and the size is approximately the same. The fossettes are 
larger in the Thousand Creek form, but there is not sufficient 
material available for a fully satisfactory comparison. The proto- 
cone is not well shown in the Thousand Creek specimens. 


PLIOHIPPUS, Sp. A, near MIRABILIS (Leidy) 


A single tooth, M! (no. 21323, fig. 188), from Ricardo represents 
a form presumably to be assigned to Pliohippus, but not certainly 
identical with either P. tantalus or P. fairbanksi. Compared with 
the described forms from the Ricardo, the crown of no. 21323 is 
smaller and narrower, the fossettes are simpler, and the mesostyle 
is a little lighter than in P. tantalus. As this specimen is evidently 
M! considerably worn, while the P. tantalus type may be a P‘ in 
a less advanced stage of wear, it is possible that position, wear, and 
individual variation may account for the difference between no. 
21323 and the type of P. tantalus. On the other hand the smaller 
size suggests that later collections from Ricardo should be carefully 
examined for a species smaller than P. tantalus. The form repre- 
sented by no. 21323 evidently possessed characters verging on those 
of Pliohippus mirabilis. 


MEASUREMENTS OF No. 21323 


Muvanteropostenotdiamelenaan ner aaa eer sine aera ee 21.4 mm. 
IMUMtransverserdiameten ts. as) ware tea retraite clay herd seve) cra PAN se 
M}, height of portion of crown remaining, measured along mesostyle... 36 


PLIOHIPPUS MILK DENTITION 


Several milk teeth of Pliohippus are present in the collection 
from the Ricardo. The crowns are subhypsodont and _ heavily 
cemented. Even in very slightly worn specimens the small proto- 
cone is lightly connected with the protoconule. The enamel bor- 
dering the fossettes shows very few plications in a moderately worn 
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Fics. 184 ro 187. Pliohippus fairbanksi Merriam. Superior cheek-teeth, outer and oc- 
clusal views, natural size. Fig. 184, P*4, no. 22307; fig. 185, type specimen, P#?, no. 19789; 
fig. 186, M?!; fig. 187, P*. Ricardo Pliocene, Mohave Desert, California. 

Fic. 188. Pliohippus, sp. A, near mirabilis (Leidy). M1}, no. 21323, natural size. Ri- 
cardo Pliocene, Mohave Desert, California. 


Fic. 189. Pliohippus tantalus (Merriam). P#?, type specimen, no. 19434, natural size. 
Ricardo Pliocene, Mohave Desert, California. 
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tooth. These teeth resemble in general the form of milk premolars 
in Pliohippus supremus. It is not certain which of the Ricardo 
species of Pliohippus these teeth represent. 


MEASUREMENTS OF Upper Miitx Mo tars 


No. 21199 
Dimyyanteropostenondiameten sys eta ysis tule ael daleicts terol 26.5 mm. 
Dm‘, height of slightly worn crown, measured on protocone........... 14 

No 19443 
Dime awanteropostenioradlame tetany ey ee slteite sehr eye beets) tes 24.5 
Dm??, height of somewhat worn crown, measured on protocone....... 9 


Fie. 190. Phohippus fairbanksi? Merriam. Dmyg, no. 21315, natural size. Ricardo Plio- 
cene, Mohave Desert, California. 

Fics. 191 anp 192. Pliohippus fairbanksi? Merriam. Superior milk molars, natural 
size. Fig. 191, Dm‘, no. 21199; fig. 192, no. 21210. Ricardo Pliocene, Mohave Desert, 
California. 


In a large lower milk molar (no. 21315, fig. 190), the crown is 
high and narrow and shows a thick cement layer. The parastylid 
extends inward beyond the metaconid. The metaconid-metastylid 
column is narrow transversely in the section exposed, and the 
gutter is narrow. This specimen probably represents the same 
species as the large lower teeth no. 21346 referred to P. fairbanksi. 


MEAsuREMENTS OF No. 21315 
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EQUID SKELETAL ELEMENTS 


A number of limb bones from Ricardo represent horses consider- 
ably larger and of more advanced type than those from the beds of 
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the Barstow syncline. The phalangeal elements and the meta- 
podials represent at least two horse types. In 21200 (fig. 195) 
the proximal phalangeal element is larger and more slender than 
in any of the Merychippus or Protohippus forms from the Barstow. 
It is longer and much more slender than in Hypohippus. It is 
smaller and much more slender than in Eguus. It closely resembles 
the proximal phalanges of Pliohippus pernix, the type of the genus 
Pliohippus. It is somewhat more slender and much larger than the 
corresponding element in Neohipparion whitneyi. Whether the 
specimen is to be referred to Hipparion, Neohipparion, or Plio- 
hippus is uncertain, but the relation to Pliohippus seems close. 

In no. 21197 (fig. 196) the proximal phalangeal element is shorter 
and much less slender than in no. 21200. It is also larger than in 
any of the forms like Protohippus or Merychippus from the Barstow 
beds, and is relatively wider than the Barstow forms. This ele- 
ment is nearer the form of the corresponding element in Hypo- 
hippus, but is longer and more slender than any proximal phalanx 
of Hypohippus known to the writer, and much more slender than 
elements from the Barstow fauna which are apparently to be re- 
ferred to Hypohippus (see figs. 29, 30). This element is near the 
form of the proximal phalanx in Hipparion theoboldi of the Siwalik 
beds, but is more slender and smaller than in H. theoboldi. 

Several metapodials represent a species much larger than any 
form from the Barstow. A second and somewhat smaller form is 
possibly represented by a single specimen, no. 21201. The distal 
end of a single metapodial, no. 21478 (fig. 202), represents a form 
possibly larger and distinct from the others. 

In the more common form the shaft of metapodial III is consider- 
ably larger than in any specimen from the Barstow beds, and is 
much heavier than in the average Merychippus or Protohippus 
species. 

In two specimens representing metacarpal III (nos. 21202, fig. 
194, and 21203, figs. 1932, 1934) lateral elements are shown. In 
the proximal articulation the large unciform facet on metacarpal 
III meets the magnum facet at an angle ranging from 128° to 
131°. The magnum-unciform angle is from ten to twenty degrees 
wider than that in the Barstow horses and seems uniformly to 
separate the Ricardo forms from the less progressive Barstow spe- 
cies. Metacarpal II stands relatively higher at the proximal end 
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Fics. 1934 anp 1936. Pliohippus?, sp. Third metacarpal and lateral metacarpal, no. 
21203, X 3. Fig. 1932, anterior view; fig. 1934, side view. Ricardo Pliocene, Mohave Des- 
ert, California. 


Fic, 194. Pliohippus?, sp. Third metacarpal with lateral metacarpals, no. 21202, X 3. 
Ricardo Pliocene, Mohave Desert, California. 

Fics. 195 ro 199, Hipparion and Pliohippus. Phalanges, X 3. Fig. 195, first phalanx, 
no. 21200; fig. 196, first and second phalanges, no. 21197; fig. 197, second phalanx, no. 22255; 


fig. 198, first phalanx, no. 23126; fig. 199, first phalanx, no. 23127. Ricardo Pliocene, Mo- 
have Desert, California. 
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than in Equus, and the facet between magnum and metacarpal II 
is inclined about twenty degrees away from a plane normal to the 
distal facet of the magnum. 

If a rudimentary metacarpal I was present it was exceedingly 
minute, as there is scarcely a suggestion of a face of contact on the 


200 202 
Fic. 200. Pliohippus?, sp. Third metatarsal, no. 21201, X 3. Ricardo Pliocene, Mo- 
have Desert, California. 
Fic. 201. Pliohippus?, sp. Fourth metatarsal?, no. 21480, X 3. Ricardo Pliocene, Mo- 
have Desert, California. 
Fic. 202. Pliohippus?, sp. Distal end of third metapodial, no. 21478, X 4. Ricardo 
Pliocene, Mohave Desert, California. 


inner side of the proximal end of metacarpal II. Metacarpal IV 
is represented for at least two-thirds of its length in specimen 
no. 21203. The lateral side of the proximal end shows a distinct 


facet for a metacarpal V. 
In a metatarsal III (no. 21198, figs. 203¢-203d) the beveled pos- 
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tero-lateral regions with large contact faces show that lateral 
metatarsals II and IV extend as fairly large elements down almost 
to the distal end of this element. A portion of the large metatarsal 
IV is codssified with the shaft of metatarsal III near the middle of 
this specimen. The median distal keel extends over the anterior 
portion of the distal articular face as a clearly defined ridge, reach- 
ing quite to its proximal border. ‘The distal keel is more strongly 
marked in this form than in any of the numerous specimens from 
the Barstow. 

On the proximal end of a metatarsal III (no. 21198, fig. 2034), 
the cuboid facet is large, and is only slightly inclined away from the 
plane of the ectocuneiform facet. ‘There is a well marked facet for 
the mesocuneiform showing but little more inclination away from 
the plane of articulation of the metapodial and ectocuneiform than 
is shown in the facet between cuboid and metapodial. The lunate 
posterior portion of the articulation between metapodial and ecto- 
cuneiform is separated from the larger anterior surface by a deeply 
pitted area. 

A single metatarsal III, no. 21201 (fig. 200) represents a type 
somewhat different from that seen in no. 21198. The shaft in 
specimen 21201 is more slender and evidently smaller. The proxi- 
mal end is relatively narrower anteroposteriorly. The facet for the 
mesocuneiform is slightly larger and more nearly parallel with the 
plane of the ectocuneiform facet. The posterior articulation with 
the ectocuneiform is not separated as a distinct lunate facet as in 
no. 21198, but is connected with the anterior portion of the articu- 
lation at its inner or medial end. 

Metatarsal IV is shown complete in no. 21475 (fig. 204). It is 
considerably shorter and heavier than in Neohipparion whitneyi. 
The distal end has a large facet for support of a phalanx. This 
specimen evidently belongs with a metatarsal III as large as that 
seen in no. 21198. In no. 21476, a metatarsal IV is seen asso- 
ciated with a metatarsal III apparently of the same type as that 
in no. 21198. In no. 21476, the proximal end of metatarsal IV 
is somewhat thinner than in 21475 and the proximal articulation 
with the cuboid is divided into two facets instead of being a single 
facet, as shown in no. 21475. This difference may have some 
significance in specific or generic diagnosis or may be merely indi 
vidual. | 
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Fics. 2034 to 203d. Hipparion or Pliohippus, sp.. Third metatarsal, no. 21198, X 3. 
Fig. 2034, anterior view of proximal end; fig. 2034, articular facets of proximal end; fig. 203c, 
anterior view of distal half; fig. 203d, posterior view of distal half. Ricardo SG: Mo- 
have Desert, California. (See facing page for figure legends 204-210 ) 
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Metatarsal II is seen in no. 21479 (fig. 205). It is much smaller 
than metatarsal IV. There is no evidence indicating the presence 
of metatarsals I and V. 

A single specimen, no. 21480 (fig. 201), seems to represent a 
metatarsal IV nearly twice the size of the other specimens from the 
Ricardo region. It differs from those of the large horses in the 
marked concavity of the surface of articulation for the cuboid. 
This surface curves upward sharply to the summit of a sharp 
spine or prominence on the inner side of the proximal end of the 
bone and immediately behind the facet for articulation with meta- 
carpal III. There is also a possible difference from metatarsal IV 
of the horses described in the absence of a posterior inner face for 
articulation with metatarsal III. The relationship of this speci- 
men is uncertain. : 

The equid astragali from the Ricardo region are larger than any 
from the Barstow excepting a large Barstow specimen presumably 
representing Hypohippus. Of the specimens available for compari- 
son the Ricardo astragali most nearly resemble certain specimens 
from the Thousand Creek Pliocene which represent a Pliohippus 
or a Hipparion-like form. The range in size among the Ricardo 
astragali is considerable (figs. 208-210), and it is probable that two 
species or two genera are represented by this range, which seems 
also to be indicated by a difference in form. 

The proximal end of metatarsal III, no. 21198, in its dimensions 
resembles that of Hipparion, as figured by Weithofer.” In speci- 


mens of metatarsal III available from Ricardo the middle portion 


Fics. 204 anp 205. Pliohippus or Hipparion, sp. Second and fourth metatarsals, lateral 
views, X 3. Fig. 204, metatarsal IV, no. 21475; fig. 205, metatarsal 2, no. 21479. Ricardo 
Pliocene, Mohave Desert, California. 

Fic. 206. Pliohippus?, sp. Distal end of metapodial, no. 22325, X $. Ricardo Pliocene, 
Mohave Desert, California. 

Fic. 207. Pliohippus or Hipparion, sp. Cuboid, no. 21198, inner view, X 3. Ricardo 
Pliocene, Mohave Desert, California. 

Fics. 208 anp 209. Pliohippus or Hipparion, sp. Astragali, X 3. Fig. 208, no. 21495; 
fig. 209, no. 21213. Ricardo Pliocene, Mohave Desert, California. 

Fic. 210. Hipparion or Pliohippus, sp. Astragalus, no. 22326, X 3. Ricardo Pliocene, 
Mohave Desert, California. | 


“2 Weithofer, A., Beitrdge zur Kenntniss der Fauna von Pikermi bei Athen, Beitr. Palae. 
Geol. Oest-Ung., Bd. 6, Taf. 13, figs. 14 and 15, 1888. 
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of the proximal face is more deeply indented than in metapodials 
of the European form, and there is a separation of the posterior 
region of the ectocuneiform facet as a distinct lunate articular area. 
In Hipparion the posterior area is not separated from the anterior. 

The proximal face of metacarpal III in no. 21202 (fig. 194) seems 
to differ from that of Hipparion in possessing a small notch in the 
middle of the unciform facet. The dimensions are near those of 
the European form. 

The slender proximal phalanx from Ricardo seems more slender 
than in Hipparion forms of the Old World and approaches the type 
of Pliohippus. In some cases, proximal phalanges of Hipparion 
may be heavier than the wider form from Ricardo seen in no. 21197 
(fig. 196). 

The nature of the lateral metapodials in the Ricardo specimens 
can be nearly duplicated in Hipparion of the Old World or in Profo- 
hippus or Pliohippus of America. 

A cuboid, no. 21204, from the Ricardo differs from that of 
Hipparion as figured by Weithofer mainly in the separation of the 
posterior facets for navicular and ectocuneiform. In Hipparion, 
as shown by Weithofer, these facets are contiguous as in Equus. 
This specimen differs from the cuboid in the Barstow Merychippus 
forms in the position of the posterior facet for the navicular some- 
what nearer the proximal end of the element, and in its slightly 
less prominent tuberosity. 


OREODONTIDAE 


MERYCOCHOERUS? (PRONOMOTHERIUM?) CALIFORNICUS, Nn. sp. 


Type specimen, no. 21351, a fragmentary skull with molar dentition, from 
locality 1755, Ricardo beds, Mohave Desert, California. uN 


A large, highly specialized oreodont is represented by the type 
material and several other more imperfect specimens from the beds 
near Ricardo. So far as known this form is one of the largest and 
most highly specialized of the oreodonts. Its characters are near 
those of Merycochoerus and approach those of the bizarre Prono- 
motherium from the Madison Valley beds of Montana. 

The skull is very badly crushed, but shows some of the general 
outlines. It seems short and the facial region appears depressed. 
The orbits are small. The zygomatic arch is deep below the 
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orbit, and is widely expanded. The occipital region (fig. 211) is 
extremely wide as in Merycochoerus. The widely spreading mas- 
toid plates merge into the heavy paroccipital processes below. The 
sagittal crest is low. The palate is wide; the processes are rela- 
tively heavy and project relatively far inferiorly. 

The premaxillaries are closely united with the maxillaries, and 
the superior margin of the premaxillaries slopes backward at a low 
angle indicating a low, wide anterior nasal opening. The infra- 
orbital foramen is situated over the anterior region of M'. 


Fic. 211. Merycochoerus? (Pronomotherium?) californicus, n. sp. Skull, type specimen 


no. 21351, ventral view, X 4. Ricardo Pliocene, Mohave Desert, California. 


The cheek-teeth are large and seem to show a very advanced 
stage of development in relative length of the molar series, in hypso- 
donty, and in complication of the premolars. 

The molars are large, the crowns are long, and the styles promi- 
nent. The internal cingulum is faint on the type specimen, but 
is strongly marked on no. 21353 (fig. 214) from the Ricardo beds. 
The molars do not differ greatly from those of Merycochoerus 
buwaldi of the Barstow beds excepting in their larger size. 

The premolars of the type specimen are imperfect. On a speci- 
men (no. 23128) associated with the type the premolars are well 
preserved and have approximately the same dimensions as those 
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213 


Fic. 212. Merycochoerus? (Pronomotherium?) californicus?, n. sp. Upper premolars, no. 
23128, X 7%. Ricardo Pliocene, Mohave Desert, California. 

Fic. 213. Merycochoerus? (Pronomotherium?) californicus, n. sp. Upper molars, occlusal 
view, X #0. Type specimen, no. 21351. Ricardo Pliocene, Mohave Desert, California. 
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Fic. 214. Merycochoerus? (Pronomotherium?) californicus?, n. sp. Mand M?, no, 21353, 
X 3. Ricardo Pliocene, Mohave Desert, California. 

Fic. 215. Merycochoerus? (Pronomotherium?) californicus?,n.sp. Symphysis of mandible, 
no. 21567, 3. Ricardo Pliocene, Mohave Desert, California. 
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imperfectly represented on the type specimen. It is presumed that 
no. 23128 represents the same form as the type though this cannot 
be proved with the material available. 

All of the premolars in no. 23128 show external and internal 
cingula. They are at least as hypsodont as in Merycochoerus pro- 
prius, and were probably longer than in that form. In the state of 
wear shown in the material available it is not evident that the pre- 
molars were more hypsodont than in M. buwaldi of the Barstow. 
The external faces are flatter than in M. proprius, but do not show 
the suggestion of median longitudinal ribs seen in M. buwaldi. 
P* shows approximately the form seen in M. buwaldi. P* seems 
slightly more advanced, and P? is decidedly more progressive than 
in M. proprius or M. buwaldi. In P? the diameter of the crown is 
greater transversely and the anterior pocket is much larger. 

The upper canine is possibly a little smaller than in M. proprius 
compared with the size of the skull. It is somewhat larger relative 
to the size of the skull than in Pronomotherium altiramum. 


MEASUREMENTS OF SKULL, No. 21351 


Width across occipital region including expansion of mastoid plates.... 175 mm. 
Height of inion above upper border of foramen magnum........... a92 
Width ofspalate betweenlinner borders of) Mae: ma necro: 74 
Width of posterior narial opening between processes............... 49 
Height of zygomatic arch immediately below orbit................. 45 


a, approximate. 
MEASUREMENTS OF DENTITION 
Length of upper molar-premolar series, no. 21351 and no. 23128 


COMPIned HENNE Ni caiye seh oR Tc  RIMeL own MSI a lb se atts 167.5 mm. 
Weng chtotipremolatiseries sno wo Zone ie ina ere eee eerie 63.5 
Wengthvotsmolatiscricssnon au oolnn nn errr san rennn rita cir deli: ai04 

No. 23128 
Anteroposterior diameter of superior canine at base................ 14.3 
pawanceropostentoiaiameteh ria een ie see areas ctelay 16.5 
Ipangreatestychansvetserdiaimetelaar anaemia un eer rarn rs aera 13.5 
Bévanteropostenion diame ler me ebay rio vey aay alere stele is Mar 16 
Pe eitransSverserdiainete nrc ej tee ie sels aces ae ee eke eee 17.2 
Ee anteropostenionidiametersngpe meds ve yee ile el vaneieleieia esis. shi 16 
PaNitransverserdlame cence msn aeumalmayevarari merely. cus tiula amelie ua ya 21.1 

No. 21351 
Mevanteropostemotdtameten neers a nis os ue rt ane melanin pall 28.3 
MiMtransverserdtaimetersieve aniange nen iietdie aia Ay neeeMde a 0) ude a DSI2 
MEL, EnES Co) HORUS TOK? GHAINSES?, 64 Goes deo bosooodod depose oeadaadened 36.8 
Meetransversesdiametetmannynin sniiomecl ate satel (aetesbela teresa key outa 431.3 
Mewanteropostemondiameten wept iorr rae anna) silsicl spa) 45.5 
Memtransversediameteree sous tiers nektots sits orev oteene late cutie Sisteee 428.5 


@, approximate. 
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MEASUREMENTS OF No. 21353, an InpIviIpUAL witH WELL Worn TEETH, AND 
M? Wet Worn 


M2 anteroposterior diame teraee eee reer ene eee eee Eee eee eret 427 mm. 
M2 ‘transverse diameterera.c. ued aals oP oer eee arin a28 
MeWanteropostenion diameter nthe cries ete eee er 41.2 

M3 ‘transverse diame ter: piccsiasveveuiletiiaieete neous ocean a 33.2 


a, approximate. 


The dentition of the Ricardo oreodont shows an unusually long 
molar series and relatively great length of this series compared 
with the premolars. The length of the premolar series seems to be 
about 61% that of the molars, while in a Merycochoerus specimen 
available for comparison the length is greater. In Leidy’s type of 
M. proprius, it is 85%. In the Pronomotherium specimens de- 
scribed by Douglass, the length is 70% for P. laticeps, and 77% 
for P. altiramum. In M. buwaldi from the Barstow beds the cor- 
responding percentage is 71.3%. 

The whole assemblage of characters in the Ricardo specimen 
seems to distinguish it as a member of the Merycochoerus group, 
and one of the most advanced forms in the group. 


ComMPARATIVE MEASUREMENTS OF Upper MoLar AND PREMOLAR SERIES 
Length of Length of 


premolar molar 

series series 
Merycochoetusipropriussity, pest eee eee eee ricer: 68 mm. 80 
Merycochoerus) buwalditeer eraser ae cence ir 53.5 15 
Meny.cochoerusracalitornicussenae ee eee eee eee 63.5 104 
Bronomothenumpla tice psseee- eee 71 eeeeereee 56 80 
Pronomotherumyaltramumeey eee eee ere er ree ee eee 70 90 


*In M.? californicus the molar and premolar dentition are not completely represented in 
one specimen. 


Compared with Pronomotherium altiramum the Ricardo form 
seems to have at least as progressive teeth, but the canine is smaller. 
The final test of relationship will depend on appearance of good 
skull material for comparison. 


CAMELIDAE 


The camel remains from the Ricardo beds consist almost exclu- 
sively of limb bones. Only a few jaw fragments are known, of 
which a mandible with several molar teeth (no. 22516, figs. 2162, 
2164) is the most important specimen. 

At least two camel types are represented in jaw fragments found 
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Fics. 2164 anp 2164. Procamelus? or Alticamelus?, sp. Mandible, no. 22516, X 3. 
Fig. 2162, dorsal view; fig. 2164, lateral view. Ricardo Pliocene, Mohave Desert, California. 

Fic. 217. Pliauchenia? or Alticamelus? sp. Symphysis of mandible, no. 23115, X 3. 
Ricardo Pliocene, Mohave Desert, California. 

Fic. 218. Procamelus?, sp. Symphysis of mandible, no. 21305, dorsal view, X 4. Ri- 
cardo Pliocene, Mohave Desert, California. 

Fic. 219. Procamelus?, sp. Dms and Dmx, no. 21504, natural size. Ricardo Pliocene, 
Mohave Desert, California. 
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at Ricardo. One, a small form represented by fig. 218, presum 
ably belonging to the genus Procamelus; a larger form, fig. 217, 
is possibly Aiticamelus. 

The mandible no. 22516 with dentition shows three premolars of 
which the anterior tooth is small, but two-rooted. This tooth is 
moderately hypsodont. This specimen evidently represents Pro- 
camelus or Alticamelus. 

A small specimen, no. 21504 (fig. 219), shows the milk dentition. 
Dny is long and narrow and the anterior lobe is well displayed. 

Among the foot bones there are at least four types represented. 
No. 22521 (fig. 231) belongs to a very large form with relatively 
wide astragalus. This form is presumably Pliauchenia. No. 
23113 (fig. 229) with a large but narrow astragalus is apparently 
Alticamelus. No. 22519 (fig. 230) may represent /ticamelus. 
No. 22518 (fig. 232) and no. 22520 (fig. 233) are presumably forms 
of Procamelus. 


BoviIDAE 
MERYCODUS, near NECATUS Leidy 


A considerable number of parts of jaws, horns, and limb elements 
representing a Merycodus species near the Barstow form referred 
to M. necatus have been found at Ricardo. Horns and antlers 
found in the lower portion of this section are not materially differ- 
ent from those of the Barstow species determined as M. necatus, 
as is seen in no. 22448 (fig. 235). In no. 22449 (fig. 234) the horn 
has a longer, more slender shaft or beam. In the Barstow fauna 
forms with the longer beam grade into those with the shorter, 
flatter beam of the M/. necatus type. 

The jaws and teeth of the Ricardo specimens (figs. 236-245) do 
not differ greatly from those referred to Merycodus necatus in the 
Barstow fauna, and evidently represent a species near that form. 

In the Ricardo form the lower molars seem in some cases slightly 
narrower. In M; the posterior lobe may be large showing in some 
cases an incipient division on the outer side (fig. 242), or it may be 
relatively small and simple (fig. 241). Some of the specimens 
with the largest lobes are found low down in the section and below 
the basalt, while specimens with relatively small lobes are known 
above the basalt. The premolars may be considerably compressed 
laterally (fig. 240). The characters mentioned may warrant 
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specific separation from the Barstow species when the form is 
better known. 


In the milk dentition Dm, (fig. 239) has a large anterior lobe. 


Fic. 220. Procamelus?, sp. Proximal facets of cannon bone of posterior limb, no. 23117, 
X 4. Ricardo Pliocene, Mohave Desert, California. 

Fic. 221. Alticamelus or Pliauchenia?. Proximal facets of cannon bone of posterior limb, 
no. 23116, X }. Ricardo Pliocene, Mohave Desert, California. 

Fic. 222. Pliauchenia or Alticamelus? Proximal facets of cannon bone of posterior limb, 
no. 23118, X 4. Ricardo Pliocene, Mohave Desert, California. 

Fics. 223 to 227. First phalanges, X 3. Fig. 223, diticamelus?, sp., no. 21563; fig. 224, 
Pliauchenia?, sp., no. 21564; figs. 225 and 226, Alticamelus or Procamelus, sp., no. 23119 and 


no. 23114; fig. 227, Procamelus, sp., no. 22517. Ricardo Pliocene, Mohave Desert, Cali- 
fornia. 


A number of limb elements (figs. 246-252) of Merycodus found 
in the Ricardo have not as yet shown characters distinguishing 
them clearly from the Barstow form. 
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The Ricardo form of Merycodus in some respect approaches Capro- 
meryx of the Pleistocene a little more closely than the Barstow 
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Fic. 228. Alticamelus? or Pliauchenia?, sp. Calcaneum, no. 21567, X 4. Ricardo Plio- 
cene, Mohave Desert, California. . . | 

Fic. 229. Alticamelus?, sp. Astragalus, no, 23113, <4. Ricardo Pliocene, Mohave 
Desert, California. | | | 

Fic. 230. Alticamelus?, sp. Astragalus, no. 22519, X 3 Ricardo Pliocene, Mohave Des- 
ert, California. Un 

Fic. 231. Pliauchenia?, sp. Astragalus, no, 22521, X 4. Ricardo Pliocene, Mohave 
Desert, California. | 

Fics. 232 anp 233. Procamelus?, sp. Astragali, X 3. Fig. 232, no. 22518; fig. 233, 
no. 22520. Ricardo Pliocene, Mohave Desert, California, 


species. ‘The tendency to grooving or division of the third lobe of 
M; is a progressive character. The degree of hypsodonty of the 


Figs. 234 to 241 represent specimens from the Ricardo Pliocene, Mohave Desert, Cali- 
fornia. 

Fics, 234 anp 235.. Menicadun near necatus Leidy. Aeclers xX 3 Fig. 234, no. 22449; 
fig. 235, no. 23448. 

Fics. 236 anp 237. Merycodus, near necatus ap Testi, Icuperor molars, natural size. Fig. 
236, no. 22452; fig. 237, no. 22455. 

Fic, 238. Merycodus, near necatus Leidy. M3 no, 22327, natural size. 

Fic. 239. Merycodus, near necatus Leidy. Dmyg, no. 22453, natural size. 

Fic. 240. Merycodus, near necatus Leidy.. Pe and Ps, no. 22456, natural size. 

Fic. 241. Merycodus, near necatus Leidy. Mz and Msg, no. 22454, natural size. 
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Fies. 242 ro 245. Merycodus, near necatus Leidy. Inferior dentition, natural size. Fig. 
242, Me and Ms, no. 21322; fig. 243, Px, Mi, and Ma, no. 22450; fig. 244, Ms, no. 22457; 
fig. 245, Ms, no. 22451. Ricardo Pliocene, Mohave Desert, California. 

Fics. 246 To 252. Merycodus, near necatus Leidy. Limb elements, X 3. Fig. 246, an- 
terior cannon bone, no. 22515; fig. 247, calcaneum, no. 21321; fig. 248, distal end of cannon 
bone, no. 22513; fig. 249, first phalanx, no. 22513; fig. 250, astragalus, no. 22514; fig. 251, 
phalanges, no. 22512; fig. 252, ungual phalanx, no, 22512. Ricardo Pliocene, Mohave Desert, 
California. 

Fics. 2534 anp 2534. Bovid or cervid, indet. Second phalanx, no. 22458, natural size. 
Fig. 253, lateral view; fig. 2534, dorsal view. From beds referred to the Ricardo Pliocene, 
locality 2578, two miles south of Warren, a station on the Southern Pacific Railroad at eastern 
end of Tehachapi Pass, Mohave Desert, California. 
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Ricardo species is still much less than in Capromeryx, but the differ- 
ence separating the two is not more than would be expected in an 
ancestor of Capromeryx as far removed in time as the Ricardo spe- 
cies is removed from that of Rancho La Brea. 


BoviD OR CERVID, INDET. 


A single second phalanx (no. 22458, figs. 253a, 2534) from locality 
2578, two miles south of Warren on the Southern Pacific Railroad 
at the eastern foot of the Tehachapi Pass represents an antelope or 
deer differing both from Dromomeryx and from the antelopes of the 
Thousand Creek fauna. It is much larger than Merycodus, smaller 
than Dromomeryx, and approaches the Thousand Creek forms in 
size. The articulation surfaces differ somewhat from those of the 
Thousand Creek forms. It is hoped that more material may be 
secured from this locality. 


Transmitted April 1915 


EXTINCT FAUNAS OF THE MOHAVE DESERT, 
THEIR SIGNIFICANCE IN A STUDY 
OF THE ORIGIN AND EVOLUTION 
OF LIFE IN AMERICA 


INTRODUCTION 


T 1s almost a rule that features of the natural world which have 

exerted an unusual influence in developing our emotional, po- 

etic and religious natures, when brought within the range of 
scientific inquiry seem only more deeply to excite our wonder and 
respect. Thus, it has happened that the deserts of the world, 
having furnished the stimulus for some of our earliest poetic and 
religious literature, appear to the scientist of to-day as places in 
which nature meets us with unusual frankness, and where her 
wonders almost clamor to be understood. | 

In those fields of history covering the development or evolution of 
the external form of the earth and of the life upon it, deserts have 
been very significant sources of information, and the so-called bad- 
land formations in the arid or semi-arid regions of western North 
America have been recognized as playing a very important part. 
As the widespread exposures of these formations have elsewhere in 
America proved veritable museums of wonderfully preserved re- 
mains, it has seemed worthy of remark that the extensive bad- 
lands in the Great Basin region of America have with few exceptions 
furnished almost nothing bearing on the history of life. The early 
geologic explorers in Nevada and California found little bearing on 
the paleontologic story of the area they examined. Later investi- 
gators in the bad-lands of these regions have generally failed to re- 
port determinable vertebrate remains, and the life record has until 
recently remained practically a closed book. It has been with 
much interest, therefore, that those concerned with the history of 
western North America, and with its bearing on the whole story of 
life growth or evolution, have seen coming to light with the past 
decade chapter after chapter of this missing record. 

Presented as the Second Faculty Research Lecture of the University of California, March 
22, 1914. Popular Science Monthly, vol. 86, no. 18, pp. 245-264, March 1915. 
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With the exception of the John Day region of eastern Oregon, 
which supplies an important geologic and paleontologic record, the 
largest part of our knowledge of the history of mammalian life west 
of the Wasatch is obtained in the heretofore unexplored deposits of 
the Mohave Desert. At the present time there are available from 
the Mohave at least three extinct mammalian faunas previously un- 
known, or only imperfectly known, in the Great Basin. The life 
record given us by these faunas, the evolutionary series to which 
they contribute, and the suggestions which they offer concerning 
the origin, evolution and world relationships of life in America, 
furnish very significant chapters in the history of the western side 
of the continent. 

Nearly twenty years ago several very fragmentary specimens 
from the Mohave were forwarded to the writer by Dr. Stephen 
Bowers, the material having been obtained in part by John T. Reed. 
The earliest material from definitely known localities coming to the 
writer was received in the spring of 1911 from John R. Suman, then 
a student at the University of California. The collection consisted 
of a small quantity of loose bones and teeth obtained on the desert 
by H. S. Mourning. These specimens furnished the basis for the 
first study of the Upper Miocene fauna of the Mohave. In the 
following year C. L. Baker, a fellow in paleontology at the Univer- 
sity of California, visited the localities reported by Mr. Mourning 
and secured a fine collection of mammal material from the Miocene 
near Barstow, and a small amount of material from the Pliocene at 
Ricardo. Other important collections were made later by Mr. 
Baker, Mr. Mourning, Mr. J. P. Buwalda and by many students 
in paleontology from the University of California. Following his 
work on the Mohave in 1913, Mr. Buwalda independently visited a 
locality in the eastern portion of this region, and obtained a most 
interesting collection of Pleistocene remains in a formation to which 
he has given the name Manix beds. This material gave us for the 
first time a representative group of vertebrates from the Pleistocene 
of the Great Basin. | 

The collections brought together at various times have opened to 
us a view of the mammalian life of the Mohave Desert in three 
periods: the Barstow fauna of Upper Miocene age, the Ricardo 
fauna of early Pliocene stage and the Manix fauna from the Pleisto- 
cene. 
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localities are indicated as follows: B, Barstow fauna; R, Ricardo fauna; M, Manix fauna. 
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THe Monwave DESERT oF To-Day 


The Mohave Desert area of California has been generally recog- 
nized as one of the least attractive portions of the southwest. It has 
been described as a forbidding land of heat and thirst. The decep- 
tion of its mirages is a current example of the lure of unreality, and 
its great stretches of sand and dust have appeared to function mainly 
as barriers to human progress. The history of exploration has 
seemed amply to justify current views concerning the desert, as year 
after year prospectors or explorers, deceived by distances or miscal- 
culating the position of scattered water sources, have paid with their 
lives the penalty for inaccurate judgment. 

In spite of seeming obstacles offered to one who would make its 
acquaintance, those who have come to know the Mohave seem 
always to cultivate the friendship. The prospector has cheerfully 
risked his life, not alone for the desire of gain, but because the 
fascination of the desert always increases. The traveler is in- 
evitably deeply influenced by the uncertain magnitude of distance, 
by the silence, and the unusual forms and brilliance of the landscape 
by day and night. Once an acquaintance is formed, distrust and 
fear are replaced by reverence of the quiet strength of nature exhib- 
ited here in factors which are too large or too elusive to be fully 
comprehended. 

The Mohave lies in the middle of the southern half of the state of 
California, the desert proper being situated in the angle where the 
Sierras turn west to meet the Coast Ranges. The western limits of 
the area are sharply marked by the abruptly rising wall of the 
bordering mountain ranges. The limits to the east are not so 
clearly marked, being considered by some to reach the eastern border 
of the state; by others they are held to extend less than half the 
distance to the Colorado River. 

The elevation of the desert floor ranges from 2,000 ft. approxi- 
mately to 4,000 ft. above the sea, in sharp contrast to the basin of 
the Salton Sea, which extends below the level of the ocean a short 
distance to the south. The topography of the region is character- 
ized by great stretches of open plains many miles in extent, over 
which scattered mountain peaks or ranges are distributed with little 
suggestion of order in their arrangement. 

The total rainfall of the desert amounts only to a few inches per 
year. Living streams are rare, and travel in all of this region is 
necessarily limited by accessibility of the few localities at which 
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potable water can be obtained. Rain falls largely in the middle of 
the winter season, and throughout the greater part of the year there 
is no precipitation. The water at times comes with a rush, flows 
off rapidly as floods, and sometimes causes considerable damage to 
artificial obstacles in the path of the current. With the exception 
of the Mohave River, which runs a thin superficial stream for a 
considerable portion of the year, there are very few points at which a 
supply of water can be obtained on the surface. Investigation has 
shown that artesian water is available over certain areas, and agri- 
culturists have operated to some extent by irrigation with water 
obtained from wells. 

The diminished rainfall, the unhindered influence of a brilliant 
sun and the moderate altitude have given to the Mohave a dis- 
tinctly arid climate; and with the climate go all of the accompanying 
characteristics of life, of erosion and deposition, and of the peculiar 
land forms of an arid country. 

The vegetation of the Mohave area 1s at the present time limited 
mainly to desert types, the contrast with the flora beyond the ridge 
immediately to the west being very marked. In crossing the 
Tehachapi Range from the Great Valley of California to the Mohave 
one finds the valleys of the western side thickly studded with oak, 
sycamore, and willow, and the hills are carpeted with grass. On the 
eastern slope the whole aspect of the vegetation changes suddenly, 
as if one were entering a foreign land. The yuccas and the creosote 
bush replace oak and grass, and the oddly outstretched arms of the 
Joshua trees seem everywhere raised up as if to attract attention. 
Plants of arboreal type are rare, and, excepting a few junipers, the 
yuccas furnish the only trees. Creosote bushes are generally 
present, but are sometimes sparingly represented. Perhaps to show 
that under adverse conditions nature means only to be just and not 
unkind, the spring and early summer find the desert dotted here and 
there with patches of flowers of unusual beauty and fragrance, offer- 
ing their charms as an antidote for the misery of thirst about them. 

The living mammalian fauna of the Mohave comprises thirty-five 
species, of which twenty-one are rodents. The Ungulata are repre- 
sented only by the pronghorn antelope and the desert bighorn. 
The Carnivora include the desert coyote, the Mohave Desert kit 
fox, the California raccoon, a spotted skunk, a striped skunk, the 
northwest cougar, and the desert wildcat. The rodent fauna in- 
cludes thirteen genera. The species are mainly characteristic 
desert forms. Of the living mammals only a few genera are known 
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also in the older faunas of the Mohave. Some of the existing types, 
as the bighorn, are immigrants from the Old World, and arrived 
very late in the history of this region. Others, as the pronghorn, 
are evidently of American origin. 


GEOLOGIC OccURRENCE AND AGE OF THE MoHwave Fossit BeEps 


The Miocene and Pliocene faunas in the Mohave area occur in an 
accumulation of strata amounting to not less than 7,000 to 8,000 ft. 
in thickness. The beds consist in large part of volcanic materials 
which are interstratified with clay strata, shales, and desert con- 
glomerates. The origin of the immense quantities of ashes piled 
up in these formations is as yet unknown. They were probably 
derived from volcanoes and other channels for extrusion of lavas and 
ash in or near the Mohave area. Ina few strata abundant remains 
of fresh-water mollusks indicate deposition of these beds in fresh- 
water ponds or lakes. At other levels the skeletons of large desert 
tortoises and numerous remains of land mammals now character- 
istic of flat open country suggest accumulation upon dry land. 

Mr. Baker considered that the Miocene and Pliocene deposits of 
the Mohave were formed mainly under physical conditions similar 
to those operating in the desert at the present time. As nearly as 
the writer can judge, the climate conditions in the Mohave area 
through the period in which the mammal beds were being laid down, 
were those of a semi-arid region somewhat more humid than the 
Mohave of to-day, and the climate corresponded approximately 
to that now obtaining in the southern end of the Great Valley of 
California. 

Sections of the older formations containing fossils in the Mohave 
area are most satisfactorily shown in great thicknesses of strata 
exposed in the hills north of the town of Barstow, and in excellent 
exposures at Ricardo between the eastern foot of the Sierras and the 
Fl Paso Range. At both localities exposures extending for many 
miles give unusual opportunity to examine the structure of the 
formations, and bring to view the strata containing mammalian 
remains. As shown in the accompanying photographs, the forma- 
tions at these localities are sculptured by erosion into most fantastic 
shapes, like those of the famous bad-land forms of the western Great 
Plains region. In the intricate gullies and caverns of these expo- 
sures there is found a most fascinating field, in which to hunt for the 
big game of the Mohave of ancient times. 

The oldest fossil-bearing beds of the Mohave area rest upon a 
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basement consisting in part of granite and metamorphosed or altered 
rocks of pre-Tertiary age. They may also rest upon extruded 
igneous rocks, presumably at least as old as Lower Miocene. 

The oldest known strata containing vertebrate fossils in the 
Mohave area are found in the Upper Miocene near Barstow. 
Leaves stated to be of Eocene age were collected by H. W. Fair- 
banks at Black Mountain in the El Paso Range on the western 
border of the desert, but no additional material representing this 
stage has as yet been found. 

To the whole series of older or Tertiary sediments of the Mohave 
area, O. H. Hershey has given the name Rosamond series. Mr. 
Baker has shown that the series is divisible into a number of quite 
distinct divisions. Some of these may represent quite widely 
separated periods. Evidence which the writer obtains from a study 
of the faunas indicates that the deposits north of Barstow containing 
a Miocene fauna may represent a formation quite distinct from 
that at Ricardo containing a Pliocene fauna. The term Barstow 
formation is used for the beds containing the Upper Miocene fauna. 
The lower portion of the Barstow section may be considerably older 
than Upper Miocene and may constitute a distinct formation. 
The name Ricardo formation is used for the strata with a Pliocene 
fauna at Ricardo. 

The youngest fossil beds of the Mohave region appear in a small 
basin about 20 to 40 miles east of Barstow. The deposits cover an 
area about 25 miles in length and represent accumulation in a small 
body of fresh water, to which Mr. Buwalda has given the name 
Manix Lake. The deposits consist of clays and sands aggregating 
about 75 feet in thickness. Their accumulation was initiated by 
the raising of a barrier across the Mohave River drainage, causing 
the ponding of the river which formed Manix Lake. The lake dis- 
appeared and deposition ceased when the river cut through the 
barrier across its path. 

Remains of extinct vertebrates are found over a wide area in the 
deposits of the Mohave region. They are not abundant in many 
places, and one may search long for even a fragment of a bone or 
tooth. In a few localities fragmentary specimens were found 
scattered over the ground in considerable numbers, but connected 
parts of skeletons are rare. At several points where bones were 
found well exposed, and in their original position in the rock, they 
seemed to be scattered and disconnected, showing that the parts of 
skeletons were generally widely separated and broken or weathered 
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before final burial. The process of entombment was probably 
similar to that in operation on the desert at the present time, where 
bones of horses and cattle are pulled apart by coyotes, scattered by 
rain-wash, and in a large measure rotted away before any portion 
of the animal is permanently covered over. 

The collections obtained include several thousand specimens, 
mostly teeth and portions of limb-bones. In a few cases, good 
jaws and parts of skulls were secured, but unlike the occurrence in 
many of the formations in the west, these beds seem almost never 
to contain complete skeletons. 

In the Miocene beds of Barstow vertebrate remains are found 
almost exclusively in the uppermost zone. In the Ricardo Pliocene 
fossil remains were found in several parts of the section, but the best 
representation of the fauna appears near the middle and toward the 
top of the formation. 

Although only a few localities have been found at which even 
small collections of mammalian bones can be obtained in the area of 
the Mohave region examined, it is evident that deposits repre- 
senting the formations in which bones occur are very widely spread 
over this area, and future exploration may be expected to add 
greatly to the information now available. 

The formations containing mammalian faunas in the Mohave 
area, and their approximate relations to the recognized geological 
scale are as follows: 


Mammal Beds of 


Geological Periods SHAS EER Recognized Formations of other Western Areas 
Pleistocene Manix Beds Rancho La Brea, California 
Upper 


Pliocene Middle 


Thousand Creek, Nevada 
Lower Rattlesnake, Oregon 
Ricardo Beds 


Upper Barstow Beds Cedar Mountain, Nevada 
Miocene | Middle — Mascall, Ore., and Virginia Valley, Nev. 


Lower Columbia Lava of Oregon 
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THE OLDEST KNown MAMMAL FAUNA OF THE MOHAVE, THE UPPER 
MiocENE oF BARSTOW 


The fauna of the oldest mammal-bearing beds of the Mohave area 
includes about thirty species, many of which are known only by frag- 
mentary material. The larger part of the collection consists of the 
remains of horses and camels. ‘The bones of horses, accompanied by 
those of other animals, are sufficiently abundant at one horizon to 
mark a zone or layer which can be traced for a number of miles, and 
is known as the Merychippus zone, from the most common fossil, a 
little three-toed horse of the genus Merychippus. 

Of the horse there are at least four species represented. Mery- 
chippus is the most abundant form and includes two or three types. 
They were mainly animals about as large as small colts of the modern 
horse. They possessed one large middle toe and two small, scarcely- 
functional side toes on each foot. Their heads were long and had 
peculiar depressions on the sides of the face. The back-teeth were 
long, and as they were worn off from the top, they grew up from 
the root, as in the modern horse. These animals were of a dis- 
tinctly open country or plains type, and evidently supported them- 
selves by grazing or grass-feeding, rather than by browsing from 
brush as do the deer. One of the larger species of Merychippus is 
almost indistinguishable from the genus Protohippus, the next or 
later stage in the evolutionary series of the horse. An exceedingly 
rare form related to Merychippus is represented by a few large teeth 
which may possibly belong to a representative of the genus Pliohip- 
pus, a larger animal somewhat like the modern horse. One of the 
most common Merychippus species is a small form approaching in 
its characters the genus Hipparion, the characteristic horse of the 
following Ricardo or early Pliocene epoch. The Ricardo Hip- 
parions are possibly descendants of this small Barstow horse. 

Two rare horses found in the Barstow fauna, like the earliest forms 
of the horse group, have back-teeth with short crowns not adapted 
for grazing. One belonging in the genus Hypohippus was a large 
three-toed animal, in which the side toes are much larger than in 
Merychippus. The teeth are those of a browsing, not of a grazing 
animal. The feeding habits of this horse must have differed very 
considerably from those of Merychippus, and it probably occupied a 
somewhat different range. The other rare form represents a species 
of Parahippus, also of a browsing rather than of a grazing type. It 
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may be repeated that Hypohippus, Parahippus and Protohippus are 
collectively known only by a very small number of specimens. The 
grazing Merychippus is the common and characteristic animal of the 
fauna. 

Associated with the horses are rare remains of a primitive wild pig 
or peccary. ‘There is also a rare oreodon, one of the late representa- 
tives of a large family, which is perhaps the most characteristic 
American mammal group in the whole history of our fauna. It 
included creatures resembling on the one hand the pigs and on the 
other hand the camels and deer. There are also rare remains of a 
large antelope or deer of the genus Dromomeryx. A small deer- 
antelope, Merycodus, a dainty creature with teeth like an antelope 
and horns like a deer, is represented at several localities by abun- 
dant fragmentsof teeth, limb-bones and antlers. A large four-tusked 
mastodon is known by numerous fragments and occasional com- 
plete bones or large pieces of tusk. 

Next to the horses the most numerous of the hoofed animals are 
the camels. They are known by at least three types. One is a 
small form of the genus Procamelus. A second and very large type 
probably belongs to the genus Pliauchenta. A third form with very 
large long limbs, a larger animal than the living camel, is possibly 
to be referred to the genus A/ticamelus. Other genera may be 
present in the collection. 

Of the remaining fauna, the rodents are represented by rabbits. 
The carnivores are known by at least eight species, including three — 
large cats, at least one of which is a sabre-tooth with the greatly 
developed upper canine teeth. Two others may belong to the true 
cats, represented by the modern puma and wild cat, without the 
saber-like upper teeth. The dogs include one small form similar 
to the fox. A second type, Tephrocyon, one of the most character- 
istic animals of this horizon, is a form considered by many to be 
possibly the ancestor of the modern dogs and wolves. The most 
abundant creatures of the dog group are found in one or two repre- 
sentatives of the genus 4e/urodon, very large, very heavy-jawed 
animals, much larger than any modern wolves, and even greatly 
exceeding the extinct dire wolf, now so well known by abundant 
skeletons from the asphalt deposits of Rancho La Brea. These 
animals were evidently not rare. They probably lived off the herds 
of large ungulates, sometimes bringing down a live animal, some- 
times robbing the smaller wolves and the big cats of their prey. 


1280 PUBLISHED PAPERS AND ADDRESSES 


Their unusually massive jaws and teeth seem built to serve as bone 
crushers, and there can be little doubt that the general state of dis- 
memberment and destruction of all skeletons, and the absence of 
satisfactory paleontologic materials in the Barstow formation, is 
due in large part to the destruction of these scavengers. 

Birds are known in the Upper Miocene beds by a few fragments 
representing an owl. Reptiles are represented by numerous frag- 
ments, and several nearly perfect skeletons of a large tortoise re- 
sembling in many respects the living desert tortoises of the Mohave. 

The fauna of the Upper Miocene is as a whole that of an open 
country affording fairly abundant grass and herbage, and evidently 
better watered than the Mohave Desert of the present day. The 
numerous remains of grazing horses of the Merychippus type, the 
presence of mastodons, oreodons, of many deer-antelope, a con- 
siderable variety of camels, and a wild pig all indicate that grass 
and other nutritious vegetation must have been more abundant 
than at present. The relatively small representation of oreodons, 
and of browsing horses like Hypohippus, and the presence of large 
tortoises are possibly to be correlated with open semi-arid char- 
acter of the country. 

That small bodies of water were present at times in this area is 
shown by the presence of many fresh-water molluscan remains at 
certain horizons. 

The fauna of the Barstow beds represents a stage in the evolution 
of Tertiary mammalian faunas previously not distinctly recognized 
in the Great Basin Province. It seems clearly later than the Middle 
Miocene life stage well known in the Mascall beds of Oregon and in 
the Virgin Valley beds of northern Nevada. The fauna is markedly 
older than the Rattlesnake Pliocene of Oregon and the Thousand 
Creek Pliocene of Nevada, representing the next described stages 
following the Middle Miocene in the Great Basin. The fauna of 
the Barstow beds has few if any species in common with that of the 
Ricardo formation, and is of a distinctly older type. Its nearest 
relationships are with the fauna of the Cedar Mountain region of 
southwestern Nevada, from which it possibly differs somewhat in 
stage. 


THE SECOND Fauna, THE Ricarpo PLIOCENE 


The number of species represented in the Ricardo fauna is approx- 
imately equal to that found in the Barstow Miocene and the groups 
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of animals represented are in general of the same type. Compari- 
sons between these two faunas or life stages can therefore be made 
with some degree of satisfaction. Coupled with the fact that the 
Mohave and Ricardo faunas comprise an approximately equal repre- 
sentation of similar groups, it is a matter of interest to note the 
almost complete difference between the species represented in the 
two, and that with one or two possible exceptions the species of the 
Ricardo stage represent more specialized or more progressive stages 
of evolution than the corresponding types seen in the Barstow fauna. 

As in the Mohave stage, we find the Ricardo collections consisting 
mainly of horses and camels, the horses furnishing the most im- 
portant and most characteristic forms thus far known. 

The Ricardo horses are of at least three types, of which the most 
common includes one or more species of the genus Hipparion. These 
are large, three-toed forms with the side-toes reduced and the grind- 
ing teeth large. They resemble to some extent one of the small 
species of the Barstow Miocene, but are much larger; the side-toes 
are more reduced; and the teeth are longer-crowned, heavier, and 
of more complicated structure. The Ricardo Hipparion differs 
from most of the species referred to this genus in America, and 
belongs to the true Hipparion type, which J. W. Gidley considers as 
characteristic of the Old World, in contrast to a New World form, 
Neohipparion. Many of the teeth of the Ricardo species are prac- 
tically indistinguishable from these of Hipparion richthofeni, a 
species abundantly represented in the early Pliocene or late Miocene 
of China. It has generally been assumed that the Old World 
horses of the Hipparion type are descended from North American 
stock. No types from which Hipparion might presumably be 
immediately derived by evolution are known in the Old World 
formations of the period just anterior to that in which Hipparion 
first appears, whereas in North America stages of evolution leading 
toward Hipparion are found in formations representing the period 
preceding the birth of this genus. So far as the writer’s observa- 
tions have been carried, an evolutionary sequence leading to the 
genus, Hipparion is nowhere more clearly suggested than in the 
relation of the Hipparion of Ricardo to the Hipparion-like Mery- 
chippus of the Barstow Miocene. It seems not improbable that 
the Old World Hipparion is derived from a West-American form 
near the Barstow Merychippus. 
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Living in the same region with the Hipparion in Ricardo time 
were at least two other types of horses of an advanced stage referred 
to the genus Pliohippus. The animals of these species were nearly 
as large as the smaller forms of the modern domestic horse. Their 
teeth were long-crowned and well adapted to grazing as in existing 
forms, but their feet still bore small side-toes somewhat as in Mery- 
chippus of the Barstow. ‘The pattern of their teeth is quite unlike 
that of the Hipparion and considerable differences separate them in 
skeletal structure. They presumably occupied a different niche in 
the organization of the fauna, but what it was is not entirely clear. 

In the Ricardo fauna, as at Barstow, we find a rare oreodon, the 
last representative of this important family known west of the 
Wasatch. The Ricardo type follows the rule in being more special- 
ized than that in the Barstow Upper Miocene. Little deer-antelope 
much like those of Barstow are also known by the last representa- 
tives in the Great Basin. Rodents are rare. The mastodon group 
is still represented by animals with four tusks, a pair being present 
in the lower jaw as well as one in the upper jaw. 

Of the camels there are several species known from Ricardo. 
They represent genera similar to those in the Barstow Miocene, but 
are generally of larger type, and are presumably in a large part 
specifically different. Carnivores are relatively abundant. Large 
heavy-headed elurodons like those of Barstow are present, but 
possibly all belong to new species. With these are other forms of 
the same group, but larger and stronger. There is a marten of a 
new species. Of the cats, one is a saber-tooth of a rare type some- 
what similar to a species known in India. One specimen, belonging 
to a gigantic animal of the Fe/is or true cat type, was at least as 
large as a male African lion of the present day. Another specimen 
is from a smaller cat possibly like a puma. 

Large tortoises are known in the Ricardo, as at Barstow. At least 
one form seems to differ in its character from the Barstow species. 

In the table on page 1285 a comparison of the Ricardo and Barstow 
faunas would show almost complete specific separation of the life 
stages. This difference extends in a considerable measure to groups 
of the rank of genera; as in the case of the horses, in which Hzp- 
parion replaces Merychippus. As has been noted above, in nearly 
all cases in which it has been possible to make a satisfactory com- 
parison of animals in similar groups, the Ricardo types are seen 
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to be more specialized or more progressive. In the Carnivora the 
common Tephrocyon of the Mohave seems to have disappeared. 
A single specimen shows some resemblance to that genus, but is not 
comparable to any Barstow species. The heavy-jawed elurodons, 
which are the characteristic canids of the Ricardo fauna, seem to be 
mainly, if not entirely, distinct, and are generally more specialized 
than those from the Barstow beds. | 

The fauna of the Ricardo beds is widely different from that of the 
Middle Miocene west of the Wasatch, and is distinctly more ad- 
vanced in the stage of progress or evolution. It is quite different 
from the Lower Pliocene of Thousand Creek of Northern Nevada, 
and seems less advanced. It differs so far as known from the Rattle- 
snake Lower Pliocene of Oregon, and is possibly somewhat older. 

The beds in which the Ricardo fauna occurs were evidently de- 
posited on plains lying at the eastern base of a Pliocene Sierra range 
rising to a height of several thousand feet above the level of the 
Great Basin region. The elevation of the Mohave area as a whole 
was probably not greater than at present, and may have been 
somewhat less. The Ricardo deposits are probably in part land- 
laid and in part water-laid. The volcanic material which they con- 
tain may at times have accumulated rapidly, but seems in general 
to have been deposited so slowly that the region was nearly con- 
tinuously habitable. 

The Ricardo fauna consists largely of forms that would naturally 
prefer to inhabit plains areas, or might thrive in partly open, level 
regions at least as well as in other environment. Hipparion, Plio- 
hippus, the camels, and Merycodus would find this a favorable 
habitat. The carnivores associated with them would not neces- 
sarily find the surroundings unfavorable, provided sufficient cover 
were available. The mastodons and oreodons might inhabit the 
plains or frequent the border of the mountain area to the west. 
There are no elements in the Ricardo fauna which are necessarily 
considered as representatives of a forest or mountain assemblage 
washed or carried out on the plains. 

The Ricardo fauna suggests climatic conditions permitting the 
development of vegetation suitable for grazing animals. This 
indicates a somewhat heavier growth of grass than is found in the 
Mohave at the present time. There is nothing in the constitution 
of the fauna to suggest conditions radically different from those 
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obtaining in this region to-day, but the presumption is in favor of 
less extreme aridity than is now known on the western border of the 
desert. The conditions obtaining here in Ricardo time were prob- 
ably more nearly like the present environment in the southern 
portion of the Great Valley of California. 


THe Latest Extinct FAuNA oF THE MoHAveE, 
THE Manix PLEISTOCENE 


The fragmentary remains obtained by Mr. Buwalda from the de- 
posits of Manix Lake include only scattered bones and teeth with a 
few shells of snails and clams. The collection includes the bones 
of two horses of the genus Eguus. One is a large species evidently 
closely related to the existing horses. The other is a much smaller 
form, but evidently of the same genus. There are two camels; one 
near the size of the dromedary, the other much smaller. The 
larger camel was probably near or incidental with the large Camelops 
known by splendid specimens from Rancho La Brea. The other 
species is unlike any Pleistocene camel described from the west. 
There are bones of a proboscidean, probably an elephant. A large 
antelope, probably like the pronghorn, is known by a single bone. 
Two birds like existing species are found in this fauna. The mol- 
luscs are fresh-water species closely related to living forms. 

As fragmentary as is the material from the beds of Manix Lake, 
it represents the first assemblage of mammalian species of Pleisto- 
cene age from a definitely known horizon in the Mohave region. 
It is, in fact, the most important collection made at any single 
locality in the Pleistocene of the Great Basin. It gives for the first 
time a grouping of the most important mammalian forms living 
together in this region at any particular stage in the Pleistocene. 

Taken alone these fragmentary specimens might never tell more 
than a very short story, but the wonderful Pleistocene collection 
obtained at Rancho La Brea just. across the range to the west will 
ultimately furnish comparative material adequate to make possible 
a definite determination of the animal represented by every bone 
found in the Manix beds. 

The Manix fauna is entirely distinct from that of the Ricardo. 
The horses are of the latest and most advanced genus, that is the 
modern Eguus, which includes most of the living representatives of 
the horse group. The larger camels seem to represent the last 


EXTINCT FAUNAS OF THE MOHAVE DESERT 1285 


genus known in North America. The relationships of the smaller 
camel are as yet uncertain. If the antelope is near the pronghorn, 
as seems probable, it is also of the latest known type. 


CoMPARATIVE TABLE SHOWING KNown History oF THE MAMMALIAN FAUNAS IN THE 


MowHAveE AREA 


Recent Pleistocene Pliocene 
Desert Fauna Manix RIcaRDO 
Reptilia Reptilia Reptilia 
Tortoise Tortoise, large 
Rattlesnake 
Carnivora Carnivora Carnivora 
Desert coyote Aelurodon, 3 species 
(Heavy-jawed 
dogs) 
Desert kit fox 
Dog, small 
Ischyrosmilus (Sabre- 
tooth cat) 
Cougar True cat, very large 
Desert wild cat True cat, medium 
size 
California raccoon Marten 
Spotted skunk 
Striped skunk 
Ungulata Ungulata Ungulata 
Equus, large (Horse) | Hipparion, 2 species 
(Advanced grazing- 


horse, 3-toed) 
Pliohippus, 2 or 3 
species (Advanced 


Equus, small (Horse) 


grazing-horse, 3- 
toed) 
Camelops? (Camel, | Procamelus?, (a) 
large) (Camel, small) 
Camel, small Procamelus?, (d) 
(Camel, small) 
Alticamelus? (Tall 
camel) 


Pliauchenia? (Camel, 
very large) 

Merycochoerus?, (4) 
(Oreodon) 


Miocene 


Barstow 
Reptilia 
Tortoise, large 


Carnivora 

Aelurodon, 2 species 
(Heavy-jawed 
dogs) 

Tephrocyon (Possible 
ancestor of modern 
wolves) 

Dog, very large 

Dog, small 


Sabre-tooth cat, large 
True cat, very large 


Ungulata 
Hypohippus (Forest- 
horse, 3-toed) 


Parahippus (Brows- 
ing-horse, 3-toed) 
Merychippus, 3 
forms, abundant 
(Grazing-horse, 3- 
toed) 


Protohippus, rare 
(Advanced grazing- 
horse, 3-toed) 

Procamelus (Camel, 
small) 

Alticamelus?, (Tall 
camel) 

Pliauchenia? (Camel, 
large) 

Merycochoerus (a) 
(Oreodon) 


1286 PUBLISHED PAPERS AND ADDRESSES 


CoMPARATIVE TABLE SHOWING KNown History oF THE MAMMALIAN FAUNAS IN THE 
Mowave ArEA—Concluded 


Recent Pleistocene Pliocene Miocene 
Desert Fauna Manix RIcaRDo Barstow 
Ungulata Ungulata Ungulata Ungulata 
Pronghorn antelope | Antelope, large | Merycodus (Deer- | Merycodus  (Deer- 
(Pronghorn?) antelope) antelope) 
Merycodus? 
(Crowned deer- 
antelope) 
Dromomeryx (Ante- 
lope-deer) 
Desert bighorn sheep 
Proboscidea Proboscidea Proboscidea 
Elephant or Mas- | Tetrabelodon? (Four-| Tetrabelodon? Four- 
todon tusked mastodon) tusked mastodon) 
Rodentia Rodentia Rodentia Rodentia 
Numerous genera and | Fragments only Fragments only Fragments only 


species 


It is perhaps unnecessary to state that the Manix fauna differs 
from that of the present day in the inclusion of camels and a pro- 
boscidean. When it is better known, this fauna will probably be 
found to contain few if any modern species. 

At the present time we are not in a position to state definitely 
the exact position or relationship of the Manix fauna with relation 
to other Pleistocene life in the west. The problem of the Pleisto- 
cene in this region is complicated and large, and the many elements 
still require much study before their interrelations can be deter- 
mined. The Rancho La Brea fauna seems to contain elements 
similar to those of Manix, whether it is older or younger is not yet 
entirely clear. 

The significance of the Manix fauna in relation to its environment 
is unfortunately not large. The presence of camels, horses, and 
antelopes indicates a climate somewhat more humid than that in 
this region at the present time, and such was the suggestion furnished 
by Mr. Buwalda’s work on the physical history of the Manix Lake 
basin. 


SIGNIFICANCE OF THE FAUNAL SUCCESSION IN THE MOHAVE 


The physical history of the Mohave area, in the time that has 
passed since the accumulation of the oldest formation containing a 
mammalian fauna in this basin, is only a small part of the long and 
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complicated geologic story of the region; but the changes that have 
occurred since the earliest of these records of life were completed 
take on stupendous proportions when measured against human 
standards of stability. Since the deposition of the oldest beds of the 
Barstow section, not less than 8,000 ft. of known sediments have 
been laid down in this region, and there are evidences of long periods 
from which the only record that we have is of erosion instead of 
deposition. The strata of both the Barstow and Ricardo sections 
have been subjected to extreme movements of the earth’s crust in 
folding and faulting or breaking. They have also been extensively 
eroded or worn down, and the strata now exposed can be considered 
only as remnants of the original mass. In terms of accumulation 
and erosion of deposits, judged by the best estimates that we can 
make, the lapse of time since burial of the oldest mammal remains 
in this region must be very long. 

Physical changes of great significance in the history of this region, 
and of the life in it, are also noted in variations in the nature of the 
bordering mountain ranges. At present the Mohave owes its 
distinctive characters in large measure to separation from the Paci- 
fic coast by high ridges to the west. Throughout a large part of the 
known life history of this region, a barrier seems to have existed 
between the Mohave area and the Pacific Coast province. The 
height of the separating wall has presumably varied much, being 
relatively small in Miocene time, and probably reaching its maxti- 
mum since the Ricardo Pliocene. Variation in height of the barrier 
depended on the balance between erosion constantly wearing it 
down, and on the magnitude of crustal movements concerned in the 
making of the mountain chains. To some extent variation in 
physical conditions in the Mohave has therefore been related to 
stages in the life of our great ranges. The latest period in the 
history of the mountains is the stage in which the peaks and valleys 
were modeled to their present form through gradual wearing down 
by ice, water and chemical decay. The clearly visible evidences of 
this last epoch mark for us a period longer than the full span of 
human history. In the story of the mountains, the earlier stages 
standing in relation to the history of life on the Mohave are observed 
only through study of a complicated geologic problem, but the 
measure of these early stages in time is far longer than that of the 
latest epoch. 
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‘The Barstow, Ricardo and Manix faunas present three stages in 
the life history of the Mohave area within the extent of a long period 
marked by many great physical changes. The records of these 
faunas are incomplete, and should be considered only as imperfect 
pages from a volume that has passed through fire, flood, earthquake 
and decay incident to the passage of almost limitless time. As 
fragmentary and unsatisfactory as the story 1s, it opens to us a wide 
vision of previously unknown life history 1 in this region; it offers 
significant evidence regarding the origin, evolution and migration 
of important mammal groups; it furnishes information concerning 
the climatic history of the Mohave; and it contributes largely to 
our knowledge of the chronology of great crustal movements in 
western North America. If this were the only record known in the 
world, from it alone we could gather evidence that the life of the 
earth is very old, that this life has completely changed from time to 
time, and that in each successive fauna there was a nearer approach 
to the life types now in existence. We might not be able from the 
Mohave story to demonstrate the fact of evolution, as the fragments 
are small, and represent periods so widely separated that the sug- 
gestion of continuity is indistinct. Taken in connection with the 
great volume of records now available from other regions of the 
world, the Mohave story serves in a modest way to fill gaps in the 
previously known history; and in its close relationship to faunas 
remotely separated from it geographically, it illustrates the faunal 
unity of the world as a whole when the broader outlines of evolution 
are followed through long periods. 

The story of the Mohave read alone cannot do less than impress 
one with the magnitude of faunal changes and with their apparent 
definite trend toward the life of to-day. Related to other records, 
it becomes a part of the great world-scheme of life growth or evolu- 
tion leading up through the ages to the present living world of which 
we are a part. | 


Characteristic view of the Mohave Desert in the vicinity of the fossil beds. 
(Photograph by C. L. Baker) 


Characteristic view of the Mohave Desert; showing at this locality an unusual 
abundance of vegetation, consisting of creosote bushes and Joshua trees. 


(Photograph by C. L. Baker) 


Typical exposure of the fossil-bearing Barstow Miocene formation north of Barstow. 


(Photograph by C. L. Baker) 


Folded and faulted strata representing a portion of the section containing fossil 
remains north of Barstow. (Photograph by C. L. Baker) 


Typical exposure of the Ricardo Pliocene near Ricardo. (Photograph by C. L. 


Baker) 


Exposures of Ricardo Pliocene, showing characteristic bad-land structure in out- 


crops near Ricardo. 


(Photograph by C. L. Baker) 


A basin in the Ricardo Pliocene near Ricardo. (Photograph by C. L. Baker) 


Ricardo Pliocene at Ricardo. This is one of the most important fossil localities 
in the Ricardo formation. (Photograph by C. L. Baker) 


Characteristic exposure of the Manix Pleistocene lake-beds on the north 
bank of the Mohave River near field station in the Manix Basin. 
(Photograph by J. P. Buwalda) 


Bad-land structure in the Manix Basin. (Photograph by J. P. Buwalda) 
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